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THE  GEOLOGY  OF  NORTHERN  AFGHANISTAN  :  BY 

H.  H.  HAYDEN,  Director,  Geological  Survey  of  India. 

I._INTRODUCTORY. 

Nearly  a  quarter  of  a  century  ago,  Mr.  C.  L.  Griesbach  spoke  of 

Afghanistan  (ll,1  94)  as  being  "  geologically  still  a  terra  incognita  "; 
this  description  holds  good  almost  equally  at  the  present  day.  What 

little  we  know  of  Afghan  geology  is  due  chiefly  to  Mr.  Griesbach's  own 
work  in  that  country  between  the  years  1880  and  1888,  the  scientific 

results  of  which  were  published  in  the  Records  of  the  Geological 

Survey  of  India,  Vols.  XVIII,  XIX,  XX,  and  XXV.  Since  then 

nothing  has  been  published  on  the  subject,  and  the  small  amount  of 

purely  scientific  work  that  I  was  able  to  do,  during  a  short  tour  under- 

taken primarily  for  the  investigation  of  economic  questions,  has  tended 

to  confirm,  on  the  whole,  and  to  some  extent  to  amplify  Mr.  Griesbach's 
conclusions. 

1  The  numerals  printed  in  heavy  type  refer  to  the  papers  included  in  the  biblio- 
graphy on  pp.  28  to  84.    The  other  numerals  refer  to  the  page  of  the  work  quoted. 
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2 HAYDEN  :    GEOLOGY  OF  NORTHERN  AFGHANISTAN. 

The  conditions  under  which  my  tour  was  made  were  peculiarly 

unfavourable  to  systematic  scientific  work,  and  the  prevailing  ignorance 

of  the  geological  conditions  of  Afghanistan  must  be  my  excuse  for  pub- 

lishing the  following  notes  based  on  hasty  and  disconnected  observa- 
tions. The  area  traversed  lies  to  the  north  and  west  of  Kabul,  and 

includes  the  districts  of  Ghorband,  Bamian,  Saighan,  and  Kahmard, 

The  route  followed  lay  from  Kabul,  via  Koh-i-Daman  to  Ghorband, 

thence  across  the  Shibar  pass  and  Kotal-i-Kashka  to  Bamian,  through 

Saighan  and  Kahmard,  to  the  Kotal-i-Saozak  (Sabz  kotal).  On  either 

side  of  this  line,  my  reconnaissances  extended  as  far  as  Barfak  on  the 

east,  and  Khargin  dara1  (Western  Saighan)  on  the  west.  The  return 

journev  was  made  along  the  same  route,  except  that,  instead  of  return- 

ing via  Ghorband,  I  marched  in  from  Bamian  via  Kalu,  Gardan  Diwal 

on  the  Helmand,  the  valley  of  the  Kabul  river,  and  Arghandi. 

Throughout  this  area,  the  strike  of  the  rocks  is  in  the  main  S.W.- 

N.E.,  and  the  dip  northerly  ;  consequently,  from  Kabul  outwards  one 

crosses  an  ascending  series  oE  which  the  oldest  member  is  found  in  the 

Paghman  range  and  in  the  hills  around  Kabul.  The  beds  are  almost 

always  greatly  disturbed,  and  their  relations  often  complicated  by  in- 

trusive igneous  rocks,  both  basic  and  acid.  The  prevailing  tectonic 

element  is  the  reversed  fold,  the  crest  of  which,  as  in  the  Himalaya, 

leans  over  to  the  south  ;  the  trend  of  the  folds  is,  in  the  eastern  parts 

of  the  area,  N.E.-S.W.,  gradually  bending  round  to  E.-W.  in  Bamian, 
Western  Saighan  and  Kahmard. 

The  orographic  features  are  largely  influenced  by  the  tectonic,  and 

the  trend  of  the  ranges  and  valleys  corresponds  closely  with  that  of  the 

folds.  This  is  particularly  well-marked  to  the  north  of  the  Hindu 

Kush,  where  such  valleys  as  Saighan  and  Kahmard  run  for  many  miles 

each  parallel  to  a  single  fold.  These  valleys  now  appear  to  lie  in  syn- 

clinal troughs,  but  their  positions  were  no  doubt  originally  determined 

1  Kotal  —  pass  ;  dara  =  valley  or  ravine.    I  have  in  most  cases  employed  the 
terms  dara  and  kotal  instead  of  their  English  equivalents,  as  they  are  usually 
essential  parts  of  the  place  names. 
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by  the  weakened,  not  infrequently  broken,  middle  limb  of  the  recum- 

bent fold.  The  structure  of  this  particular  area  is  instructive,  since  it 

is  typical  of  the  tectonic  conditions  prevailing  throughout  Northern, 

and  probably  much  of  Western,  Afghanistan. 

Between  Saighan  and  the  Kara  kotal,  that  is  to  say,  in  a  meridio- 

nal distance  of  some  twenty  miles,  there  are  three  major  folds,  viz.,  the 

Saighan  fold,  the  Dasht-i-Safed  fold,  and  the  Bajgah  (Kahmard)  fold. 

I  have  traced  the  first  of  these  from  Ishpushta  across  the  Kotal-i-Kalich 

to  Kala-i-Wakil  above  Saraiak ;  it  is  a  recumbent  anticline  of  the  type 

N  Kahmard  Dasht-i-Gazak  Saighan 

Pig.  1. 

Diagrammatic  section  to  show  the  chief  tectonic  features  in  Kahmard  and  Saighan. 

of  those  shown  in  figure  1  and  is  complicated  by  the  occasional  presence 

of  a  thrust-plane  through  the  middle  limb  of  the  second  (lower)  minor 
fold.  The  next  flexure  is  well  seen  in  the  hills  behind  Dasht-i-Safed 

(Plate  2)  and  can  be  traced  across  the  valley  and  to  the  north  of  the 

Kotal-i-Nalifarsh,  whence  it  runs  through  the  Dasht-i-Gazak  and 

along  the  northern  side  of  the  valley  of  Sayad  Baba.  It  is  accom- 

panied by  a  considerable  amount  of  fracture  (fig.  2)  ;  a  thrust-plane 

can  be  traced  on  both  sides  of  the  valley  at  Dasht-i-Safed  and  is 

probably  continuous  into  Sayad  Baba  and  Begal  (Plate  3).  The 

Bajgah  fold  is  beautifully  exposed  in  the  gorge  between  Bajgah  and 

Madar ;  it  is  of  exactly  the  same  type  as  the  others  and  runs  along  the 

northern  side  of  the  K4hmard  valley  and  through  the  hills  to  the  south 

of  Hajar. 

B  2 
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To  the  south  of  Saighan  the  conditions  become  more  complicated 

as  we  approach  the  region  of  the  Hindu  Kush  and  Koh-i-Baba.  T
he 

same  trend  and  the 

same  type  of  flexure 

still  prevail  in  Bamian 
and  Ghorband,  but  the 

folds  are  more  numer- 

ous and  more  com- 

pressed and  faults  — 
in  most  cases  over« 

thrusts  — add  still  fur- 
ther to  the  complexity. 

The  intrusive  granite 

of  the  Hindu  Kush 

and  Koh-i-Baba,  while 

obscuring  stratigraphi- 
cal  details,  tends  to 

define  more  clearly  the 

tectonic  trend-lines ; 

like  the  Himalayan 

granite,  to  which  it  is 
in  all  respects  similar, 

its  intrusion,  no  doubt, 

took  place  concurrent- 
ly with  the  orogenic 

movements  that  gave 

rise  to  the  mountains 

in  which  it  occurs,  and 

it  forms  the  cores  of 

the  flexures. 
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Both  from  a  geographical,  as  well  as  from  a  geological,  point  of 

view,  the  most  important  physical  features  are  the  Hindu  Kush  range 

and  the  Koh-i-Baba,  along  the  crests  of  which  runs  the  line  of  water- 
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parting  between  the  basins  of  the  Helmand  and  Kabul  river-systems 

on  the  one  side  and  the  northward-flowing  tributaries  of  the  Oxus  on 

the  other.  It  was  probably  this  feature  that  led  Professor  Suess  to 

assume  tbat  the  Koh-i-Baba  was  the  direct  continuation  of  the  Hindu 

Kush  (29,  293).  Strictly  speaking,  however,  this  assumption  is  not 

justified  from  either  a  geological  or  a  purely  geographical  point  of  view. 

The  crest  lines  of  the  two  ranges  are  in  no  sense  continuous ;  the  line  of 

water-parting  connecting  the  two  lies  on  the  Shibar  pass,  which  is  merely 

a  broad  saddle  running  transversely  to  the  strike  of  its  component  rocks. 

The  true  easterly  continuation  of  the  Koh-i-Baba  is  found  in  the 

complicated  series  of  ridges  to  the  south  of  the  Ghorband  valley,  whilst 

the  westerly  continuation  of  the  Hindu  Kush  is  the  Koh-i-Ghandak 

and  the  range  between  Bamian  and  Saighan.  This  view  corresponds  not 

only  with  the  actual  topographical  features  but  also  broadly  with  the 

distribution  of  the  stratigraphical  series  forming  the  respective  ranges. 

Although  it  is  not  admissible  to  regard  the  Koh-i-Baba  as  strictly 

the  continuation  of  the  Hindu  Kush,  both  ranges  are  no  doubt  parts 

of  a  single  teutonic  system,  and  have  been  treated  as  such  by  Colonel 

Burrard  (3,  100),  who  offers  two  alternative  interpretations  of  the 

orographical  relationships  of  the  Afghan  water-parting.  In  one  of 

these  he  refers  the  whole  mass  embracing  the  Hindu  Kush  proper,1  the 
Paghmau,  Sanglakh  and  Koh-i-Baba  ranges,  to  two  parallel  ranges,  a 
northern  and  a  southern  Hindu  Kush.  The  northern,  which  corre- 

sponds with  the  Hindu  Kush  proper,  he  regards  as  the  water-parting 
between  the  Oxus  on  the  one  side  and  the  Indus  and  Helmand  on  the 

other.  To  the  west  of  Ghorband  and  the  Shibar  pass,  however,  this 

water-parting  is  no  longer  the  Hindu  Kush  proper,  but  shifts  southward 
to  the  Koh-i-Baba,  which  is  shown  as  the  continuation  of  the  so-called 
Southern  Hindu  Kush.  The  other  interpretation  {op.  sit.,  Chart  XXI), 
offered  by  Colonel  Burrard,  is  that  from  Tirich  Mir  westwards  the 

1  Hindu  Kush  is  in  reality  the  name  of  a  pass  between  Ghorband  and  Khinjan, 
which,  according  to  local  folklore,  was  so  named  in  consequence  of  the  murder  (Pers. 
huslitan  -  to  kill)  of  a  Hindu  for  the  sake  of  his  postin  (sheep-skin  coat).  Sir 
Thomas  Holdich  gives  a  different,  and  perhaps  more  probable,  origin  for  thefname 
L"  India  ",  p.  05  (1904)  ]. 
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Hindu  Kush  is  a  single  range,  the  "  Northern  Hindu  Kush  "  just  men- 

tioned, while  the  Koh-i-Baba  and  other  ranges  to  the  south  of  the  Ghor- 

band  and  Panjshir  valleys  are  the  continuation  of  the  Kailas  range.  It 

is  doubtful  if  either  of  these  alternatives  will  entirely  meet  the  case. 

Plate  1  is  the  result  of  an  attempt  to  determine  the  chief  orographic 

trend-lines  of  the  Afghan  water-parting  and  neighbouring  areas;  it  has 

been  derived  from  the  North-West  Transfrontier  sheets  (1  inch  =  4  miles) 

of  the  Survey  of  India,  by  reduction  by  pantograph.  It  must  be 

remembered  that  the  geology  of  by  far  the  greater  part  of  this  area  is 

unknown  and  it  is  impossible  to  say  therefore  how  far  the  apparent 

trend-lines  can  be  regarded  as  truly  orogenic.  Where,  however,  we 

have  geological  information,  as  in  the  extreme  west  and  again  over 

much  of  the  eastern  part  of  the  country,  we  find  that  the  main 

topographic  features  conform  with  considerable  accuracy  to  the  tectonic 

conditions  and  it  is  fair  to  assume  that  similar  relations  prevail  in  the 

intervening  areas.  Working  on  this  assumption  we  see  that  between 

Tirich  Mir  and  Persia  the  trend-lines  follow  a  curve  which  is  convex 

towards  the  south ;  beginning  with  a  N.E.  -  S.W.  direction  they 

gradually  bend  through  E.-W.  to  S.E.  -  N.W.,  which  latter  trend 

would  carry  them  on  through  the  mountains  of  Persia  to  meet  the 

system  of  the  Caucasus. 

The  most  striking  feature  in  this  diagram  is  the  great  trough 

which  extends  almost  continuously  from  the  Kotal-i-Anjuman  at  the 

head  of  the  Panjshir  valley,  through  Ghorband,  Bamian  and  the  Hari 

Rud  to  Herat.  In  the  eastern  valleys  its  direction  is  strictly  that  of 

the  axes  of  the  neighbouring  folds  ;  similar  conditions  appear  to  prevail 

also  to  the  east  of  Herat,  but  what  happens  in  the  interval  of  some 
250  miles  we  do  not  know.  To  the  west  of  Herat  the  Hari  Rud 

soon  bends  away  to  the  north  and  presumably  loses  its  parallelism  to 

the  tectonic  trend-lines.  From  Mr.  Griesbach's  description  of  the 

country  to  the  west  and  north-west  of  Herat  it  would  appear  that  a 

continuous  belt  of  Upper  Palaeozoic  rocks  extends  from  Khorasan  south- 
eastwards  to  the  Doshakk  mountains  and  thence  eastwards  to  the 

Davendar  range  ;  it  is  therefore  cut  through  by  the  Hari  Rud  to  the 
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west  of  Herat.  For  the  greater  part  of  its  course,  however,  the  Panj- 

shir-Hari  Rud  trough  would  certainly  appear  to  be  a  truly  tectonic 

feature.  We  know  too  little  of  it  to  attempt  to  dogmatise  as  to  its 

origin,-  but  one  is  rather  tempted  to  associate  it  with  an  important 

fault  which  runs  along  the  northern  side  of  the  Koh-i-Baba  and  probably 

extends  into  Ghorband  {infra,  p.  54).  A  similar  fault  was  observed 

by  Mr.  Griesbach  on  the  northern  side  of  the  Doshakh  mountains  near 

Herat  and  is  suggestive  of  a  line  of  structural  weakness  all  along  the 

southern  side  of  the  trough.  The  constant  seismic  activity  of  Kabul 

and  Herat  also  suggests  the  existence  of  important  faults  analogous  to 

those  of  the  Outer  Himalaya. 

Whatever  be  its  origin,  the  Panjshir-Hari  Rud  trough  constitutes 
a  well-marked  line  of  division  between  the  Hindu  Kush  and  the  Koh-i- 

Baba,  and  it  compels  us  to  look  for  the  true  western  continuation  of  the 

former  range  in  the  hills  along  its  northern  side  between  Ak  Robat  and 
Herat  and  for  the  eastern  continuation  of  the  latter  ran^e  in  the  hills 

of  the  Ghorband  valley  and  Pagkman.  What  the  relationship  of 

these  two  ranges  to  one  another  is  between  Paujshir  and  Tirich  Mir,  in 

the  hills  of  Kohistan  and  Kafiristan,1  is  hardly  even  worth  conjecturing, 
so  limited  is  our  knowledge  of  the  topography,  whilst  of  the  stratigraphy 

we  know  absolutely  nothing.2  From  the  great  Tirich  Mir  massif  west- 
wards we  begin  to  draw  away  from  the  stable  Indian  vorland  which  is 

replaced  by  the  depression  of  the  Arabian  Sea  ;  the  folds  have  room  to 

expand,  and  the  high,  closely  appressed  flexures  of  the  Himalayan 

arc  pass  into  the  lower  and  more  open  systems  of  Afghanistan  and 

Baluchistan.  The  disposition  of  the  trend-lines  of  the  mountains  of 

Afghanistan  is  therefore  the  result  of  the  virgation  (27,  275)  not 

merely  of  the  Hindu  Kush,  but  of  the  whole  Himalayan  system3  and, 

1  Since  the  conquest  of  this  country  by  the  late  Amir  of  Afghanistan  in  1895  and 
the  conversion  of  the  inhabitants  to  Islam,  it  has  been  re-named  Nuristan  (from  the 
Arabic  word  ««r=light). 

2  The  U-shaped  bend  in  the  water-parting  to  the  east  of  Panjshir  is  evidently 
not  a  tectonic  feature  but  merely  the  work  of  rain  and  livers. 

3  Since  the  above  was  written,  a  very  valuable  and  suggestive  paper,  by  Mr.  F.  B. 
Taylor,  dealing  in  part  with  the  peripheral  mountain  arcs  of  Asia,  has  appeared  in  the 
Bulletin  of  the  Geological  Society  of  America  (Vol.  21,  no.  2,  June  1910). 
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until  we  shall  have  made  strati  graphical  as  well  as  topographical  surveys 

of  the  intervening  area,  it  will  be  impossible  to  correlate  with  certainty 

the  ranges  of  Afghanistan  with  those  of  the  Himalayan  arc. 

The  propriety  of  applying  the  name  Hindu  Kush  to  the  various 

ranges  resulting  from  this  virgation  was  long  ago  questioned  by  Mr. 

Griesbaeh,  who  took  exception  to  the  inclusion  under  the  name  "  Hindu 

Kush  "  of  the  Safed  Koh  and  associated  ranges  on  the  south-eastern 

frontier  of  Afghanistan  ;  he  says  (13,  63)  :  "  North  and  east  of  Kabul 
the  traveller  enters  the  mountainous  country  of  the  great  ranges  which 

traverse  entire  Afghanistan  as  an  unbroken  chain,  with  their  subor- 

dinate off -shoots  on  both  sides  of  the  watershed.  This  latter  may  be  said 

to  begin  in  the  highly  elevated  mountain  ranges  which  bear  generally 

the  name  of  Pamir,  of  which  there  are  several ;  we  really  know  too 

little  of  the  orography  of  that  region  to  be  able  to  decide  in  what 

manner  this  mountain  tract  is  linked  on  one  side  to  the  North-Western 

Himalayas,  and  on  the  other  to  the  great  watershed  of  Afghanistan. 

If  we  follow  the  latter,  it  appears  that  after  a  very  nearly  east  to  west 

strike  near  the  37°  latitude  it  assumes  a  more  south-westerly  direction 
till  it  reaches  the  mountain  centre  east  of  Bamian,  within  which  the 

three  river  systems  arise,  of  the  Kunduz  and  Balkh  drainage,  the  Kabul 

river  system,  and  the  Helmand,  the  latter  which  drains  into  the  Seistan 

lakes.  Now  to  this  great  watershed  Eastern,  as  well  as  English  Geo- 

graphers have  applied  the  name  of  Hindu  Kush  ;  by  it  is  meant  the 

watershed  formed  of  the  great  peaks  and  chains  between  the  Little 

Pamir  and  the  Shibar  pass,  east  of  Bamian,  and  no  other  system  of 

ranges,  except  the  spurs  closely  connected  orographically  with  it  on 

both  flanks  of  it.  To  extend  the  name  to  outlying  ranges,  which 

have  not  even  a  common  direction,  i.e.,  are  not  even  parallel  with  the 

line  of  watershed  here  described  and  differ  absolutely  in  their  geological 

structure  from  that  of  the  Hindu  Kush  would  only  tend  to  hopelessly 

confuse  all  geographical  expressions.  I  may  here  mention  that  the 

people  of  the  country  itself,  living  on  the  slopes  of  the  Hindu  Kush, 

really  apply  this  name  only  to  the  pass  Kotal-i-Hindu  Kush  between 
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the  Shibar  pass  and  the  Kotal-i-Chahardar,1  but  I  found  that  Afghans, 
in  speaking  in  general  terms  of  the  great  range  which  divides  the  Kabul 

province  Kafiristan  and  Chitral  from  Badakhshan,  do  make  use  of  the 

name  of  Hindu  Kush."  Although  the  tectonic  system,  of  which  the 
Hindu  Kush  is  a  part,  continues  throughout  Afghanistan  and  Persia,  I 

fully  endorse  Mr.  Griesbach's  opinion  as  to  the  desirability  of  restricting 
the  name  Hindu  Kush  to  the  mountains  east  of  the  Kotal-i-Shibar  ; 

employing  it  in  fact  for  so  much  of  the  water-parting  as  is  included 

between  the  meridians  of  68°  and  7-A°2. 

II. — STRATIGRAPHICAL. 

The  geology  of  the  Khyber  and  of  the  area  adjoining  that  part  of 

the  Afghan  frontier  has  been  described  by  Mr.  Griesbach  (13,  89),  who 

recognised  five  rock-groups,  viz.  (in  descending  order)  :  — 

(e)  shales  and  earthy  beds  ; 

(d)  limestones  and  alum  shales  ; 

1  This  is  not  strictly  accurate  ;  the  KotaH- Hindu  Kush  really  lies  to  the  east  of 
the  Kotal-i-Chahardar. 

2  Since  the  abuve  was  written,  my  attention  has  been  drawn  by  Major  H.  L. 
Crosthwait,  E.E.,  to  a  paper  by  Dr.  Felix  Oswald  recently  published  in  Science 
Progress  (No.  17,  July  1910).  The  paper  deals  chiefly  with  the  Himalayan  mountains 
and  Tibet,  all  beyond  the  scope  of  the  present  memoir,  but  the  sketch-map,  which 
faces  page  40,  includes  the  eastern  part  of  Afghanistan  and  shows  the  Hindu  Kush 
as  a  series  of  ranges,  the  most  important  of  which  appears  to  be  a  direct  continuation 
of  the  Koh-i-Baba  ;  this  is  drawn  as  a  well-marked  line  of  folding  extending  along 
the  north-western  side  of  the  Ghorband- Pan jshir  trough  and  passing  at  some  distance 
to  the  north  and  west  of  Tirich  Mir.  Still  more  striking  is  the  importance  given  to 
the  Paghman  range,  which  is  shown  as  running  continuously  in  a  N.E.  direction 
through  Afghanistan,  then  turning  east  and  south-east  to  pass  through  Chitral  to 
Hunza  and  Nagar  and  apparently  ending  near  Aling  Gangi'i.  To  the  west  of  the 
Kunar  river  and  between  Chitral  and  Kabul  an  "  Ai'chiean  Buttress  "  is  made  to  include 
the  mountainous  region  of  Kohistan  and  Kafiristan.  Unfortunately,  Dr.  Oswald  does 
not  quote  authorities  on  which  this  re-arrangement  of  the  Afghan  trend-lines  is 
based,  and  I  am  unable  to  ascertain  whether  he  has  at  his  disposal  more  information 
than  I  have  been  in  a  po.-ition  to  collect.  I  have  already  shown,  however,  that  the 
Koh-i  Baba  is  not  continuous  with  the  range  to  the  north  of  Ghorband  and  Panjshir— 
the  true  Hindu-Kush — ,  whilst  the  Paghman  range  has,  I  think,  been  given  undue 
importance.  It  is  in  reality  only  a  comparatively  unimportant  feature  derived  from 
the  virgation  of  the  Hindu  Kush. 
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(c)  metamorphic  strata,  with  graphitic  layers ; 

(b)  phyllites  and  schists; 

(a)  gneissic  series. 

I  have  not  heen  able  to  carry  this  classification  |of  the  rocks  to  the 

west  of  the  Indian  frontier.  Mr.  Griesbach  appears  to  have  regarded  his 

divisions  (a)  to  (d)  as  the  equivalents  of  the  rocks  of  tbe  Siah  Koh 

to  the  west  of  Jalalabad,  which  appear  to  be  the  oldest  in  Afghanistan. 
I  have  divided  the  rocks  of  the  areas  that  I  was  able  to  visit  into 

the  following  series  :  — 

Upper  Tertiary   (?  Siwalikj. 

Unconformity. 

?  Middle  Tertiary  of  Ghorband. 

Unconformity. 

Lower  Tertiary  (?  eocene)  of  Saighan  and  Kahmard. 
Cretaceous  limestone  and  shales. 

Unconformity. 

Red  Grit  series. 

Saighan  series. 

?  Unconformity. 

Doab  Volcanic  series. 

Unconformity. 

Khingil  series  of  Eastern      Fusulina  limestone  in  Northern 

Afghanistan.  Afghanistan. 
Helmand  series. 

Hajigak  Limestone  and  Hematite. 

Kalu  series. 

Metamorphic  and  Crystalline  rocks  of  Kabul  and  the  Siah  Koh. 

Of  these  subdivisions  the  Khingil  series  is  confined,  so  far  as  we 

know,  to  Eastern  Afghanistan  and  does  not  extend  up  to  the  Hindu 

Kush,  at  any  rate  west  of  Kohistan.    It  may  possibly  extend  into  that 
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range  in  the  latter  district  and  in  Kafiristan,  but  the  geology  of  these 

areas  is  quite  unknown. 

Metamorphic  and  Crystalline  Series. 

The  Siah  Koh  was  described  by  Mr.  Griesbach  (13,  70)  as  consist- 

ing of  metamorphic  rocks  — mica  and  hornblende-schists  with  crystal- 

line ruby-bearing  limestone — overlain  by  darker,  sometimes  compara- 

tively unaltered,  limestone,  which  he  referred  to  the  Carboniferous 

system.  My  observations  were  confined  to  the  western  part  of  the 

range  in  the  neighbourhood  of  Jagdallak,  but  I  was  able  to  make  an 

almost  complete  traverse  across  it  from  north  to  south  and,  as  the  strike 

of  the  beds  is  E.-W.,  I  saw  a  section  of  the  whole  series.  This  corre- 

sponds well  with  the  section  given  by  Mr.  Griesbach,  and  consists  in  the 

main  of  biotite-gneiss  and  hornblende-mica-schist  overlain  by  a  thick 

series  of  crystalline  limestone.  The  whole  series  is  greatly  disturbed 

and  the  relationship  between  the  schists  and  the  crystalline  limestone 

very  obscure.  On  the  south  the  limestone  is  in  contact  with  biotite- 

gneiss — at  times  biotite-schist — which  is  pierced  by  a  network  of 

granite  veins.  The  direction  and  dip  of  the  foliation  planes  of  the 

gneiss  are  very  irregular  and  it  is  difficult  to  say  whether  the  rock 
underlies  or  overlies  the  limestone. 

On  the  north  side  of  the  Pari  dara,  the  famous  defile  near 

Jagdallak,  hornblende-schist  is  found  interbedded  with  the  limestone 

and  in  the  defile  itself  biotite-gneiss  and  schists  (biotite-  and  horn- 

blende-) appear  to  alternate  with  the  limestone  beds.  Further  to  the 

north-east,  however,  in  the  small  plain  in  the  Dargai  valley,  the  belt  of 

crystalline  limestone  is  clearly  underlain  by  a  series  of  hornblende- 

mica-schist  and  quartz-schist  forming  an  anticline  with  its  crest  leaning 
over  to  the  south. 

At  first  sight  the  limestone  belt  appears  to  consist  of  a  regular 

ascending  series  of  almost  vertical  beds  of  crystalline  limestone  with 

occasional  bands  of  schist  interstratified,  but  a  closer  examination 
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reveals  the  presence  of  a  number  of  compressed  anticlines,  and  the  whole 

series  has  evidently  been  repeatedly  folded  (fig.  3).    Even  in  the 

1,  Crystalline  limestone  ;       2,  Schist. 

Fig.  3. 

Folded  crystalline  rocks  of  the  Ruby  mines. 

individual  beds  of  crystalline  limestone  the  dip  is  very  capricious,  and  a 

band,  which  was  dipping  to  the  south  at  one  point,  was  found  at  a  few 

hundred  yards  further  along  the  strike  to  be  dipping  to  the  north. 

The  crystalline  limestone  is  quite  the  most  interesting  of  the  rocks 

of  the  Siah  Koh,  and  bears  a  close  resemblance  to  the  similar  miner- 

alised limestones  of  India  and  Burma.  The  number  and  variety  of  the 

accessory  minerals  is  not  perhaps  so  large  as  in  the  limestones  of  Mogok 

and  Sagyin,  nor  is  the  size  of  the  individual  crystals  of  these  minerals 

so  great,  but  otherwise  the  two  are  very  much  alike.  The  commonest 

minerals  in  the  Jagdallak  marble  are  phlogopite,  graphite,  chondrodite, 

spinel  and  garnet ;  here  and  there  also  pyrite,  muscovite  and  corundum 

in  the  form  of  ruby  or,  rarely,  sapphire.  A  marked  point  of  difference, 

however,  is  the  almost  complete  absence  of  pyroxene-gneiss,  pyroxene- 

granulite  and  khondalite  (quartz-garnet-graphite-sillimanite  schist) . 

Only  one  cf  these  rocks  has  been  observed  and  that  in  quite  insigni- 

ficant quantity.  In  one  locality,  at  about  4  miles  to  the  east  of  Jagdal- 

lak, of  small  band  of  pyroxene-granulite  was  observed  in  the  crystalline 
limestone.  The  beds  are  vertical  and  the  limestone  contains  hornblende 

biotite  schist  and  biotite-granite  in  thin  parallel  bands  The  granite  is 

of  the  augen  gneiss  type  but  is  clearly  intrusive ;  the  schist  may  be 

due  to  the  metamorphism  of  arenaceous  bands  inteibedded  with  the 
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limestone  or  may  represent  apophyses  from  the  granite.  The  band  of 

pyroxene  granulite  is  only  about  two  inches  thick  and  passes  away  into 

limestone  on  one  side  and  granite  and  schist  on  the  other ;  it  contains  a 

great  deal  of  sphene  and  has  all  the  appearance  of  a  contact  product 

due  to  the  interaction  of  the  granite  and  the  limestone.  The  develop- 

ment of  the  numerous  accessory  minerals  in  the  limestone  is  clearly  due 

to  the  effect  of  the  intrusion  of  the  granite,  since  these  minerals  are  always 

most  numerous  at  the  junction  of  the  two  rocks.  The  most  highly 

mineralised  parts  of  the  limestone  are,  in  fact,  associated  with  narrow 

ribbons — two  or  three  inches  thick — of  decomposed  rock  consisting  chiefly 

of  quartz,  felspar  and  biotite ;  these  might  be  called  either  biotite-gneiss 

or  biotite-schist,  and  appear  to  be  apophyses  from  the  foliated  augen 

gneiss — originally  a  granite— which  is  intimately  infolded  with  the 
crystalline  limestone. 

To  the  south,  the  limestone  belt  is  succeeded  by  the  schists  already 

referred  to  (supra,  p.  11)  and  which  appear  at  one  time  to  overlie,  at 

another  to  underlie,  the  limestone.  These  again  give  place  to  a  belt  of 

pegmatite,  which  is  younger  than  the  schists.  It  is  of  the  ordinary 

Himalayan  type  and  is  composed  of  quartz,  felspar,  muscovite  (in  fairly 

large  crystals),  some  schorl  and  beryl.  The  pegmatite  band  is  about 

100  yards  wide  where  it  was  crossed  by  me  :  it  appears  to  run  eastwards 

for  miles  along  the  Siah  Koh  approximately  parallel  to  the  strike  of 

the  schists  and  crystalline  limestone.  To  the  south  of  this  pegma- 

tite, another  limestone  series  occurs  and  probably  forms  much  of  the  high 

ranges  between  the  Jagdallak  ruby  mines  and  Surkhpul.  In  the 

immediate  neighbourhood  of  the  pegmatite  it  occurs  in  thin  flags  at  first 

white,  then — a  little  further  off — yellowish  and  ferruginous ;  still  further 

away  it  is  grey  and  occurs  in  thicker  beds  associated  with  phyllite  and 

quartzite.  The  grey  limestone  contains  small  patches  of  calcite  and 

occasionally  streaks  of  hematite.  This  limestone  series  is  quite  different 

in  appearance  to,  and  much  less  highly  metamorphosed  than,  the  miner- 

alised crystalline  limestone  described  above ;  it  is,  however,  schistose 

and  distinctly  metamorphic. 
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The  general  characters  of  the  highly  mineralised  crystalline  limestone 

of  the  Siah  Koh  arc  so  similar  to  those  of  the  spinel-  and  corundum- 

bearing  limestone  of  Mogok,  that  it  is  difficult  to  avoid  correlating  the 

one  with  the  other,  and  the  temptation  to  include  the  Jagdallak  rocks  in 

the  Archaean  system  is  almost  irresistible.  Mr.  Griesbach,  on  the  other 

hand,  regarded  them  as  metamorphosed  calcareous  sediments  of  Carbo- 

niferous age.  Towards  the  eastern  end  of  the  Siah  Koh,  he  found 

crystalline  limestone  associated  with  a  grey  limestone  containing  crinoid 

stems.  I  think  there  can  be  no  doubt  that  the  grey  limestone  referred 

to  is  the  same  as  that  found  by  me  to  the  south  of  the  belt  of  pegma- 

tite ;  I  certainly  found  no  fossils  in  it,  but  it  containedr  ods  of  white 

calcite  such  as  one  often  finds  in  old  metamorphosed  and  foliated  lime- 
stones. 

Mr.  Griesbach's  specimen  from  Kala-i-Sher  is  apparently  perfectly 
identical  with  the  above  rock  ;  it  also  contains  rods  of  calcite,  which  I 

was  inclined  to  attribute  to  metamorphiem,  but,  on  polishing  the  rock,  I 

found  that  these  rods  undoubtedly  represent  fragments  of  crinoids, 

one  of  which  is  a  portion  of  a  stem  with  a  quinquelobate  axial  canal. 

Evidently,  therefore,  we  are  dealing  with  something  very  much  younger 

than  Archaean  ;  and  if  the  association  of  the  grey  limestone  with  the 

ruby-  and  garnet-bearing  rock  is  such  as  Mr.  Griesbach  supposed,  the 

age  of  the  highly  mineralised  limestone  of  Jagdallak  must  be  approxi- 

mately that  of  the  crinoids.  In  this  connection  it  will  be  advisable 

to  quote  Mr.  Griesbach's  remarks  in  full;  he  says  (13,  70)  : — 

"  A  section  through  the  SifJh  Koh  from  south  to  north  presents  what  appears  to 
be  an  unbroken  sequence  of  strata.  Near  the  middle  of  the  range,  at  Bab-i-Kach, 
a  belt  of  considerable  width  (at  that  spot  about  six  miles  wide)  is  formed  by  a  series 
of  metamorphic  strata,  chiefly  mica  and  hornblendic  schists  with  talcose  phyllites. 
Some  beds  of  finely  crystalline  grey  gneiss  beds  occur  in  this  series,  but  on  the  whole 
the  character  of  the  zone  is  more  schistose.  This  series  is  overlaid  by  highly  altered 
strata,  principally  limestone  beds,  within  which  the  old  ruby  mines  of  Jagdallak  are 
situated. 

"The  limestone  belt  is  quite  conformable  with  the  underlying  schists  and,  with 
them,  has  a  rolling  dip  to  the  north  and  north-east. 

The  limestone  belt  may  be  traced  across  the  PariDarra  (see  above),  from  thence 
across  the  high  Jagdallak  hills,  through  which  it  takes  an  almost  dne  easterly  course 
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to  Ammk  at  the  foot  of  a  high  crest,  which  rises  in  the  Arnluk  peak  to  7,790  feet ; 
it  runs  from  that  locality  always  at  the  southern  slope  of  the  main  crest  of  the  Siah 
Koh  to  the  Gachao  peaks,  south-east  of  whioh  it  crops  out  in  the  valley  of  the  Surkh- 
ab  (river).  It  may  be  seen  all  along  the  scarp  on  the  left  side  of  the  river  as  far  as 
the  Doronta  gorge  of  the  Kabul  river,  and  thence  strikes  across  into  the  hills  which 
form  the  Besiid  and  Krinar  ranges.  This  belt  of  limestone  beds  is  economically 
important  on  account  of  the  rubies  which  are  found  within  it.  They  occur  in  a 
highly  crystalline,  coarse  marble,  which  oontains  mica  as  accessory  mineral  ;  garnets 
and  spinel  occur  with  rubies  throughout  this  belt,  but  at  a  few  spots  are  accumulated 
in  nests  as  it  were,  and  then  the  entire  rock  is  tinted  a  pink  colour  with  the  minute 
crystals  of  these  minerals.  With  the  schistose  beds  below  the  belt  is  closely  connected 
both  stratigvaphically  and  mineralogically,  several  thin  beds  of  crystalline  limestone 
being  seen  interbedded  with  the  mica  schist  below. 

"  South-west  of  the  Doronta  gorge,  near  Kala-i-Sher,  the  section  through  the 
limestone  is  well  exposed  in  most  of  the  small  ravines  which  cut  through  the  scarp. 
I  noticed  that  resting  on  the  base  of  metamorphic  schists  are  highly  crystalline  lime- 

stone beds  in  flags,  with  shaly  partings  :  the  limestone,  though  crystalline,  has  pre- 
served its  stratified  structure  perfectly.  It  is  dotted  with  small  rusty  spots,  which,  I 

believe,  owe  their  origin  to  decomposed  garnets,  which  in  other  localities  are  common 
throughout  the  belt.  Besides  this  it  is  h'ghly  characteristic  of  these  limestone 
beds  that  white  mica  in  small  leaflets  occurs  in  profusion  along  the  plane  of 
stratification  throughout. 

"Some  distance  higher  in  the  section  near  Kala«i  Sher  I  observed  some  40-50 
feet  of  this  limestone  band  almost  unaltered  and  formed  by  dark  grey  hard  limestone 
in  which  indistinot  fossil  impressions  are  visible  with  many  fragments  of  arinoids. 
The  whole  appearance  of  the  limestone  reminded  me  of  much  the  dark  crinoid 
limestone  of  the  Hindu  Kush,  which  also  is  associated  with  metamorphic  strata— a 
limestone  which  I  have  placed  in  the  carboniferous  system. 

"  The  beds  above  this  fossiliferous  limestone  are  much  more  altered,  and  are  in 
fact  converted  into  very  fine  white  marble,  fine  grained  and  almost  structureless. 

It  is  now  being  worked  as  a  statuary  marble  by  the  Amir's  people.  Even  in  this 
marble  isolated  leaflets  of  mica  are  discernible,  whilst  higher  up  in  the  section  the 
marble  becomes  very  coarsely  crystalline,  which  then  contains  much  mica. 

"  The  entire  thickness  of  the  limestone  zone  cannot  be  less  than  about  3,000  feet 

in  this  section." 

It  would  appear  from  this  that  the  ruby-bearing  limestone  is  closely 

associated  in  age  with  the  crinoid  limestone  of  Kala-i-Sher  and  if  we 

accept  Mr.  Griesbach's  conclusions,  we  must  follow  him,  not  perhaps  in 
referring  the  beds  to  the  Carboniferous  system  but  in  basing  an  estimate 

of  their  age  on  that  of  the  crinoids.  Unfortunately,  these  are  not 

sufficiently  characteristic  for  determination  ;  possibly,  however,  the  rock 

corresponds  to  the  crinoid  limestone  of  the  Waghzar  valley  in  Ghorband 
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{infra,  pp.  25,  48),  in  which  case  its  age  will  be  approximately 
Devonian. 

It  is  certainly  difficult  to  accept  the  crystalline  schists  and  lime- 

stones of  Eastern  Afghanistan  as  of  Devonian  age  ;  yet  if  we  accept 

Mr.  Griesbach's  views  as  to  the  gradual  passage  in  the  Siah  Koh  from 
one  formation  into  another  and  the  absence  of  any  break  in  the  sequence 

except  between  the  crystalline  limestone  and  the  overlying  '  gneiss/ 

there  is  no  escape  i'rom  such  a  conclusion,  and  it  will  be  necessary  to 
regard  all  the  rocks  of  the  Siah  Koh  as  post-Cambrian.  On  the  other 

hand,  Mr.  Griesbach  does  not  appear  to  have  been  himself  entirely  con- 

vinced as  to  the  age  of  this  metamorphic  complex,  for  he  has  referred  to 

it  in  one  place  as  "  formed  of  old  crystalline  rocks,  amongst  which  there 

may  possibly  be  some  palaeozoic  outliers. "  The  '  old  rocks  '  here  may 

mean  his  so-called  '  gneiss/  which,  however,  is  really  a  foliated  biotite- 
granite  similar  to,  and  probably  of  the  same  age  as,  that  of  the  Hima- 

laya. 

At  the  western  end  of  the  Siah  Koh,  the  grey  limestone,  which  is 

presumably  the  same  as  Mr.  Griesbach's  crinoid  limestone,  has  not 

been  found  in  direct  association  with  the  ruby-bearing  rock,  but  is 

separated  from  it  by  a  belt  of  pegmatite,  which  may  quite  well  represent 

an  important  physical  break  ;  it  is  conceivable  that  intrusion  has  taken 

place  along  a  fault  or  a  thrust-plane,  and  the  approximate  juxtaposition 

of  the  two  limestones  would  not,  therefore,  necessarily  imply  any  asso- 

ciation in  time.  Mr.  Griesbach's  study  of  the  whole  range,  however, 
was  much  more  extensive  than  any  that  I  had  the  opportunity  of 

making,  and  he  makes  no  mention  of  any  break  in  the  succession ; 

nevertheless  the  amount  of  disturbance  to  which  all  the  rocks  in  this 

area  have  been  subjected  is  so  great  that  the  apparently  uninterrupted 

sequence  may  quite  possibly  include  an  overthrust  which  has  escaped 

detection  owing  to  the  uniformity  of  dip  throughout  the  section  at 
Kala-i-Sher. 

Turning  now  westwards  we  find  another  series  of  metamorphic  rocks 

in  the  Kabul  valley,  in  Logar  and  in  parts  of  the  Paghman  range.  It 
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consists  of  gneisses,  crystalline  schists  and  limestones,  and  forms  the 

ranges  bordering  the  Kabul  plain  on  the  south,  including  most  of  the 

small  hills  at  Charasia,  and  the  range  separating  the  Kabul  valley  from 

Masai.  This  range  is  cut  through  by  the  stream  which  flows  from 

Khurd  Kabul  past  Butkhak  to  join  the  Kabul  river  at  Pul-i-Charkhi, 

but  the  rocks  continue  on  the  opposite  side  of  the  gorge  and  form  the 

lower  half  of  the  high  hill  ("  Khurd  Kabul"  station,  11,143  feet)  which 
overlooks  Khurd  Kabul  on  the  north. 

Between  the  Kotal-i-Munar,  on  the  same  range,  and  the  conspicuous 

peak  Shakh-i-barant  (8,985  feet),  the  prevailing  rocks  are  mica-schist, 
quartzite,  schistose  crystalline  limestone  and  various  intrusive  igneous 

rocks,  including  diorite  and  granite.  Shakh-i-barant  itself  consists  of 

an  igneous  complex  below  capped  by  thin-bedded  and  intenselj'  folded 

limestone.  On  the  hill-side,  behind  the  upper  village  of  Keshlak,  a,  thin 

bed  of  hematite,  associated  with  schistose  kcmatite-quartzite,  occurs 

among  the  schists  and  limestones. 

A  thick  bed  of  the  same  rocks,  associated  with  limestone  and 

hornblende-schist,  evidently  a  continuation  of  the  Kabul  series,  is 

recorded  by  Captain  Drummond  as  occurring  a  few  miles  away  on  the 

Silawat  Pass  to  the  east  of  Katasang  (5,  75). 
To  the  south  and  west  of  Kabul,  the  famous  hills,  Sher  darwaza  and 

Asmai,  at  the  foot  of  which  the  citv  stands,  are  composed  of  thinly 

foliated  hornblende-biotite-gneiss  associated,  near  Indaki,  with  epidio- 

rite,  an  old  and  massive  intrusion,  quartz-garnet-actinolite  rock  and 

garnet -sericite  schist.  The  two  latter  are  presumably  altered  sediments  ; 

the  quartz-garnet-actinolite  rock  is  very  like  certain  rocks  found  in  the 
Ilaimantas  in  Spiti  and  in  the  Carbonaceous  system  near  Simla,  and 

which  have  been  produced  by  the  metamorphism  of  a  sandstone  or  a 

quartzite  by  a  basic  (dioritic)  dyke. 

The  same  series  of  crystalline  rocks  extends  over  the  whole  Kabul 

plain,  cropping  out  here  and  there  from  below  either  the  alluvium  or 

the  Upper  Siwalik  sands  and  conglomerates.  It  probably  forms  also 
much  of  the  Paghman  range,  particularly  the  southern  part  between 
Arghandi  and  Shakar  dara. 

9 
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At  about  4  miles  to  the  north  of  Kabul,  across  the  c/iaman1  and  near 

the  village  of  Khoja  Bogra,  is  a  small  hillock  of  crystalline  limestone 
with  a  little  gneiss  and  some  bands  of  epidiorite.  The  limestone  is 

interesting  as  containing  bowenite,  the  hard  variety  of  massive  serpen- 

tine. It  is  apple-green  in  colour  and  the  large  patches,  several  inches 

in  width,  show  up  very  beautifully  on  the  background  of  white  and 
creamy  marble. 

Like  the  metamorphic  rocks  of  the  Siah  Koh,  those  of  Kabul 

Age  of  the  crystalline  present  a  difficult  problem  in  the  determination  of 

their  age.  Assuming  that  between  the  Asmai 

heights  and  Khurd  Kabul  we  are  dealing  with  a  single  group  of  rocks, 

we  have  at  least  the  means  of  fixing  an  upper  limit  to  their  age,  for 

they  are  overlain  unconformably  on  "  Khurd  Kabul  station"  (11,143 
feet)  by  fossiliferous  Upper  Paleozoic  (Upper  Carboniferous  or  Permian) 

limestone  (infra,  p.  21).  They  cannot,  therefore,  be  younger  than 

Carboniferous.  In  the  other  direction,  however,  there  is  no  limit  assign- 

able. The  unconformity  is  very  pronounced,  and  the  overlying  fossili- 

ferous limestones  show  no  signs  of  metamorphism ;  presumably,  there- 

fore, the  schistose  series  had  already  been  metamorphosed  before  the 

Upper  Palaeozoic  transgression  took  place,  and  one  would  naturally  con- 

clude that  the  difference  in  age  represented  by  the  unconformity  is  very 

considerable.  Other  considerations  also  lead  us  in  the  same  direction, 

and  one  is  tempted  to  see  in  the  cupriferous  mica-schists  and  limestones 

and  in  the  quartz-hematite  schist  of  Keshlak  in  Masai,  representatives 
of  our  Indian  Dharwars. 

On  the  other  hand,  the  resemblance  of  this  crystalline  series  to  the 

Dharwars  is  no  greater  than  that  of  the  Jagdallak  limestones  to  the 

corresponding  members  of  the  Archaean  group  in  the  Peninsula  and 

Burma,  and  if  we  are  to  follow  Mr.  Griesbach  in  regarding  the  rocks  of 

the  Siah  Koh  as  Palaeozoic,  we  may  equally  well  refer  the  crystalline 

schists  and  gneisses  of  Kabul  to  the  same  group.  Justification  for  such 

a  course  might  perhaps  be  sought  in  the  conditions  prevailing  in  the 

1  A  broad  reedy  swamp. 



CRYSTALLINE  SERIES. 19 

Hindu  Kush  in  this  part  of  Afghanistan.  At  the  northern  end  of  the ' 

Paghman  range,  the  ridges  behind  Charikar  are  composed  of  biotite- 

gneiss  and  granite  capped  by  crystalline  limestone ;  the  latter  contains 

mica  and  coccolite  and  is  overlain  by  a  grey  saccharoid  marble  with 

lenticular  patches  of  calcite,  evidently  a  sedimentary  rock  altered  by  the 

numerous  veins  of  schorl-granite  by  which  it  is  penetrated.  These  rocks 

in  some  respects  resemble  those  nearer  Kabul,  but  the  biotite-gneiss 

appears  fresher  and  more  like  the  common  foliated  biotite-granite  of  the 

Himalaya.  Rock-types  very  similar  to  the  limestones  have  been  pro- 

duced, only  a  few  miles  away  across  the  Ghorband  river  and  on  the 

same  line  of  strike,  by  the  action  of  the  granite  of  the  Hindu  Kush 

on  an  undoubted  sedimentary  series  of  post-Cambrian  age.  On  this 

basis  the  hematite  of  Masai  might  also  be  claimed  as  the  representative 

of  the  similar  rock  of  the  Koh-i-Baba  and  Ghorband  {infra,  p.  24). 

The  advanced  state  of  metamorphism  of  some  of  the  sedimentary 

beds  in  Ghorband  and  Parwan  certainly  led  me  at  first  bo  regard  them 

as  Archsean,  but  convincing  evidence,  subsequently  obtained,  proved 

them  to  be  comparatively  young  and  not  older  than  Lower  Palaeozoic. 

It  must  be  admitted  therefore  that  it  is  equally  possible  that  the 

crystalline  rocks  of  Kabul  are  the  result  of  an  analogous  set  of  pheno- 

mena and  merely  a  more  advanced  stage  in  the  metamorphism  of 

similar  post-Cambrian  sediments. 

It  is  clearly  impossible,  on  such  facts  as  are  at  our  disposal,  to 

attempt  to  estimate  the  age  of  the  crystalline  rocks  of  Kabul  and  the 

Siah  Koh.  On  the  one  side,  we  have  penological  evidence  pointing  to 

the  Indian  Archaean  group,  whilst,  on  the  other,  pakeontological  evi- 

dence suggests  the  Palaeozoic.  A  third  point  of  view  is  the  tectonic,  and 

from  this  Mr.  Griesbach  (13,  6G)  and  Professor  Suess  (29,  291)  have 

assumed  that  an  Archaean  mass,  lying  between  the  Hindu  Kush  and 

the  Safed  Koh,  is  accountable  for  the  difference  in  trend  between  these 

two  regions.  Mr.  Griesbach  writes  : — "This  was  land,  when  the  partly 
littoral,  partly  fresh-water,  beds  of  the  trias  (with  coal)  were  laid  down 

in  the  basin  of  Kataghan  and  Afghan  Turkistan,  and  formed  a  rigid 
Q  % 
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mass  to  a  certain  extent,  against  which  the  sedimentary  formations  of 

the  mesozoie  and  tertiary  times  were  forced  and  thug  laid  into  the  folds 

which  now  form  the  greater  area  of  Central  Asia  and  the  fringing 

ranges  north  of  the  Hindu  Kush."  Since,  according  to  Mr.  Griesbach, 
Tertiary  beds  are  involved  in  this  folding,  the  age  of  the  postulated 

korst1  need  not  be  greater  than  late  Cretaceous  or  early  Eocene,  and  it 
will  be  shown  below  (p.  22)  that  at  least  part  of  it  was  submerged 

during  the  Triassic  period. 

The  metamorphic  area  extends  from  Kabul  for  considerable  dis- 

tances in  all  directions.  On  the  south  Mr.  Griesbach  found  hornblende- 

and  mica-schists  and  crystalline  limestone,  often  associated  with 

igneous  rocks,  in  Logar,  Kharwar,  Khurd  Kabul  and  in  the  upper 

valley  of  the  Surkh-ab.  The  metamorphic  series  is  associated,  in  some 

manner  which  is  not  quite  clear,  with  a  grey  limestone  which  Mr. 

Griesbach  referred  to  the  Mesozoie  group  and  which  is  extensively 

developed  in  the  neighbourhood  of  the  Shutargardan  massif,  and 

extends  along  the  southern  flanks  of  the  Safed  Koh  (13,  74).  To  the 

south-west  of  the  Shutargardan  the  same  metamorphic  series  is  largely 

developed  in  Kharwar,  where  the  secmence  is  said  to  be  the  same  as  that 

of  the  Siah  Koh  (13,  77). 

1  In  Mr.  Griesbach's  view  this  was  a  continental  area  of  old  crystalline  rocks,  and 
is  not  to  be  confused  with  the  deep-seated  horst  which  has  recently  been  placed  by 
Professor  Joly  on  the  geological  Index  exptcrgatorius.  This  is  presumably  the 

"  Archtean  Buttress  "  inserted  on  Dr.  Oswald's  map  referred  to  above  (footnote,  p.  9). 
From  my  description  of  the  Khingil  series  (p.  22),  it  will  be  seen  that  much  of  this 

supposed  "  Buttress  "  is  composed  of  marine  Trias  of  Himalayan  type.  The  difference 
in  direction  between  the  lines  of  folding  of  the  Hindu  Kush  and  those  of  the  Safed 

Koh  does  not  require  the  postulation  of  any  intervening  obstacle,  for  their  respective 
trends  are  only  such  as  would  be  expected  from  the  nature  of  the  syntaxis  of  the 
Himalaya  with  the  mountains  of  Afghanistan,  resulting  in  a  curve  convex  to  the 

north,  and  produced  apparently  by  the  lapping  of  the  southward-moving  folds  around 
a  projecting  cape  of  Gondwanaland.  The  area  occupied  by  this  so-called  buttress  has 
never  been  visited  by  a  geologist,  and  consequently  we  have  no  direct  evidence  as  to 
the  nature  of  the  rocks  of  which  it  is  composed,  but  from  such  observations  as  I  was 
able  to  make  from  neighbouring  bills,  I  have  little  doubt  that  it  embraces  partly  the 
easterly  continuation  of  the  rocks  of  the  Kabul  plain  and  partly  beds  similar  to  those 
of  the  Paglimau  and  Hindu  Kush  ranges,  whilst  direct  observations  show  that  some 
of  the  hills  are  capped  by  the  comparatively  young  rocks  of  the  Khingil  series. 
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To  the  north  and  west  of  Kabul  metamorphism  has  affected  the 

rocks  for  considerable  distances,  even  as  far  as  the  summits  of  the 

Hindu  Kush  in  the  one  direction  and  up  to  the  Helmand  in  the  other. 

As  we  pass  outwards  from  Kabul,  however,  it  becomes  gradually  less 

intense  and  more  local.  In  the  upper  reaches  of  the  Kabul  river,  the 

schists  of  Masai  are  replaced  by  slate  and  phyllite,  but  crystalline  lime- 
stone is  still  common,  and  the  small  amount  of  marble  that  has  been 

used  for  ornamental  purposes  in  Kabul,  as  iu  the  construction  of  the 

mosque  in  the  Bagh-i-Babar,  is  said  to  have  come  from  Maidan 

(18,  345). 

Khingil  Series. 

Before  leaving  the  Kabul  area,  it  will  be  as  well  to  refer  to  the  only 

extensive  series  of  fossiliferous  rocks  found  in  that  part  of  Afghanistan. 

It  has  already  been  pointed  out  that  the  high  range  between  Butkhak 

aud  Khurd  Kabul  consists  of  Upper  Palaeozoic  and  Mesozoic  limestones 

overlying  the  crystalline  schists.  A  careful  examination  of  these  lime- 

stones would  certainly  yield  valuable  results.  Unfortunately  I  was 

unable  to  attempt  this,  as  I  could  only  devote  a  single  day  to  the  hill 

range.  The  highest  point  is  11,143  feet  above  sea  level,  over  5,000  feet 
above  Butkhak  and  a  little  less  above  Khurd  Kabul.  I  climbed  over 

the  ridge  from  the  Khurd  Kabul  side  a  short  way  below  the  summit, 

but  was  so  delayed  by  detours  round  inaccessible  cliffs  that  it  was  late 

in  the  day  before  I  reached  the  ridge  and  I  could  only  devote  a  very 

short  time  to  searching  for  fossils  during  the  difficult  descent  on  the 

other  side.  On  the  north-western  side,  however,  I  found  limestones  and 

interbedded  shale,  with  badly  preserved  ammonites  and  lamellibranchs, 

which  appear  to  include  Meekoceras  sp.,  Ophiceras  sp.  and  Pscudomono- 

tis  sp.  Specific  determination  is  out  of  the  question  and  even  the 

genera  are  doubtful,  but  the  general  appearance  of  the  rocks  and  fossils 

is  so  exactly  characteristic  of  the  Lower  Trias  of  the  Himalaya  that 

anyone  familiar  with  that  stage  could  not  fail  to  be  struck  by  the 
resemblance. 
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Below  these  fossiliferous  beds  is  grey  limestone  followed  lower  down 

by  darker  limestone  full  of  sections,  in  white  calcite,  of  large  bra- 

chiopods,  probably  Sjiiri/er  sp.  Lower  down  again  is  another  band  of 

limestone  containing  many  small  Product*  ;  but  the  matrix  of  all  these 

fossiliferous  bands  is  so  hard  that  I  could  get  out  nothing  specifically 

determinable.  With  time  to  follow  the  beds  along  the  hill-side,  it 

would  no  doubt  be  possible  to  find  recognisable  species.  Even  my  very 

hurried  inspection,  however,  suggests  strongly  the  presence  of  the 

Himalayan  Trias  and  the  Productus  Limestone,  thus  linking  the  Kabul 

area  with  Kashmir  on  the  one  hand  and  the  Bazar  valley  (15,  111) 

and,  indirectly,  the  Salt  Range  on  the  other. 

This  limestone  series  probably  covers  most  of  the  ranges  on  the  east 

of  the  Kabul  plain.  It  was  at  first  taken  by  Mr.  Griesbach  for  the 

Upper  Cretaceous  limestone  of  Turkestan  (10,  23),  but  he  subsequently 

recognised  that  it  was  older  (13,  69)  although  absence  of  fossils  pre- 
vented his  determining  its  age.  What  is  probably  an  inlier  of  the  same 

series  occurs  among  the  Tertiary  beds  to  the  west  of  Sarobi  where  it 

contains  Megalodon  sp.  and  ?  Dicerocardium  sp.  and  is  absolutely 

identical  in  appearance  with  the  Megalodon  limestone  in  the  Para  stage 

of  the  Himalayan  Trias  (16,  84).  The  series  thus  appears  to  range  in 

age  from  Carboniferous  to  Upper  Trias  at  least  and  possibly  higher. 

It  cannot  yet  be  subdivided  and  must  be  dealt  with  for  the  present 

as  a  stratigraphical  unit  under  a  single  name.  As  it  caps,  and  probably 

forms  the  greater  part  of,  the  Khingil  range  on  the  east  of  the  Kabul 

plain,  it  might  be  conveniently  named  the  "Khingil  series",  a  term 
which  may  be  discarded  as  soon  as  it  becomes  possible  to  subdivide  it 
into  smaller  units. 

Locally  the  limestone  has  been  considerably  altered  by  igneous 

intrusions,  chiefly  of  granite  and  serpentine.  The  Khingil  series 

appears  to  extend  from  Khurd  Kabul  across  the  Lataband  and  the 

Kabul  river,  and  probably  forms  most  of  the  hills  between  the  eastern 

edge  of  the  Kabul  plain  and  the  Panjshir  river.  To  the  south-east  it 

may  form  the  Karkacha  range  in  Tezin ;  this  assumption,  however,  is 
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only  based  on  an  examination  of  the  range  through  glasses  from  the  top 

of  Khurd  Kabul  hill  and  may  be  erroneous.  Nevertheless,  the  series 

certainly  covers  an  extensive  area  in  Eastern  Afghanistan  and  probably 

runs  on  through  the  Safed  Koh  to  Chura  and  the  Bazar  valley. 

Kalu  Series. 

Leaving  the  metamorphic  region  of  Kabul  and  turning  north- 

wards and  westwards  to  the  Hindu  Kush  and  Koh-i-Baba,  we  find  a 

number  of  groups  of  sedimentary  rocks  extending  far  to  the  north 

through  Saighan  and  Kahmard  to  the  Oxus.  Much  of  this  area 

is  covered  by  a  cloak  of  Cretaceous  limestone,  which  lies  uncon- 
formably  on  all  older  formations,  but  in  Ghorband,  Bamian  and  the 

upper  part  of  the  Helmand  basin,  Palaeozoic  beds  predominate,  and 

comprise  the  greater  part  of  the  Hindu  Kush  and  Koh-i-Baba. 

Between  the  Kotal-i-Hajigak  and  Bamian  the  latter  range  consists  of 

a  series  of  thinly-foliated  gneiss,  schist,  quartzite  and  slate,  which 

extends  from  the  Paimiiri  gorge  to  beyond  Kalu.  With  these  rocks, 

at  about  4  miles  below  Kalu,  are  associated  thick  beds  of  conglo- 

merate. To  the  east  and  north-east  of  the  caravansarai  (robdt)  of 

Kalu,  the  hills  are  composed  of  slates  often  dark  and  carbonaceous 

(graphitic) .  The  whole  series  recalls  the  Haimantas  of  the  Himalaya, 

but  in  the  absence  of  fossils  we  have  no  direct  evidence  as  to  its  age. 

-Its  stratigraphical  relations  are  not  clear  and  my  traverse  was  too  rapid 
to  permit  of  my  working  them  out,  but  the  series  appears  to  be  overlain 

by  a  bed  of  hematite  followed  by  limestone,  which,  at  the  western 

foot  of  the  Kotal-i-Hajigak,  contains  a  fauna  probably  of  Devonian 

age  (see  next  page).  We  may  therefore  assume — if  we  are  right  in 

regarding  it  as  older  than  the  limestone — that  the  Kalu  series  represents 

the  lower  part  of  the  Palaeozoic  group. 

The  only  other  locality  in  which  this  series  has  been  recognised  it! 

the  Ghorband  valley,  where  gneiss,  schist  and  graphitic  slate  form 

the  walls  of  the  gorge  through  which  the  river  debouches  on  to  the 

plain  of  Koh-i-Daman.    Between  the  gorge  and  Ashawa  the  valley 



24 HAYDEN  :    GEOLOGY  OF  NORTHERN  AFGHANISTAN. 

follows  approximately  the  crest  of  an  anticline,  and  the  Kalu  series  is 
found  on  both  sides  of  the  river. 

Hajigak  Limestone  and  Hematite. 

The  graphitic  slates  in  the  neighbourhood  of  Kalu  (Plate  4)  are 

apparently  overlain  by  a  thick  bed  of  hematite,  which  can  be  seen  for 

miles  capping  the  high  ridge    which  runs  north-eastwards  towards 

Ghorband.    On  the  southern  tlanks  of  this  ridge,  the  hematite  is  over- 

lain by  slate  which,  in  turn,  is  overlain  by  grey  limestone  with  calcite 

veins  and  numerous  small  crystals  of  hematite  ;  this  is  associated  with  a 

fossiliferous,  black  thin-bedded  limestone.    An  outcrop  of  the  latter 

limestone  is  seen  at  the  edge  of  the  road,  just  at  the  foot  of  the  Hajigak 

pass,  where  a  stream  flows  down  from  the  north.    Fossils  are  numerous 

in  this  small  outcrop;  they  are  chiefly  brachiopods  including  Sjririfer 

cf.  V crneuilii  Murch.,  Stroplialosia  sp.  and  Rhyncltonella  sp.  The 

grey  limestone  seen  higher  up  the  hill-side  contains  corals,  including 

the  genera  Zaphrentis  and  Syringojjora  ;  with  these  I  found  a  few 

fragmentary  brachiopods,   similar  to  those  occurring  in  the  higher 

beds,  and  part  of  the  thorax  of  a  trilobite.    The  black  limestone  is 

probably  Devonian  and  thus  gives  us  a  datum  line  to  work  from.1 
At  the  same  time,  the  hematite  bed  is  a  most  characteristic  horizon 

and,  being  readily  recognised  where  the  overlying  limestone  is  either 

unfossiliferous  or  metamorphosed,  is  an  invaluable  guide  in  the  eluci- 

dation of  the  complicated  structure  of  Ghorband  and  the  Hindu  Kush.2 

1  Since  writing  the  above,  I  have  heard  from  Mr.  P.  R.  Cowper  Reed,  who  has 
kindly  examined  the  specimens  for  me,  that  ths  fossils  of  the  black  limestone  are  Upper 
Devonian  and  those  from  the  grey  limestone  Lower  Carboniferous.  A  description  cf 
them,  by  Mr.  Cowper  Reed,  will  shortly  be  published  in  the  Records  of  the  Geologi- 

cal Survey. 

2  In  view  of  the  presence  of  hematite  associated  with  Devonian  limestone  in  the 

Koh-i-Baba  it  is  interesting  to  note  that  the  magnetite  beds  of  Alt.  Magnitna'ia  in  the 
Southern  Urals  are  regarded  by  Nicolaew  as  derived  from  Devonian  deposits.  He 
believes  the  magnetite  to  have  arisen  from  the  alteration,  by  eruptive  rocks,  of 
hematite  or  spathic  iron  the  oiigin  of  which,  he  further  suggests,  may  perhaps  be 
sought  in  the  action  of  ferruginous  or  siliceous  solutions  on  a  limestone,  probably  of 
Devonian  age  (22,  670;. 
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fVom  slightly  below  the  village  of  Siah-gird  in  Ghorband  the  hematite, 

associated  with  a  red  limestone,  runs  all  along  the  lower  slopes  on  the 

left  side  of  the  valley  past  Kaoshan  to  Ashawa,  where  the  strike  (N.E.- 
S.W.)  carries  it  across  the  lower  spurs  of  the  Hindu  Kush  to  Parwan. 

Thence  it  runs  on  up  the  Panjshir  valley  into  the  hills  of  Kohistan. 

In  the  Ghorband  valley,  the  hematite  bed  is  overlain  by  a  crystal- 

line series  consisting  of  slate,  schist  and  limestone,  which  presumably 

represents  the  Hajigak  series  ;  the  only  fossils  found  in  it  were  crinoid 

stems,  which  occur  in  profusion  in  the  Waghzar  ravine,  but  as  the 

limestone  has  been  metamorphosed  and  is  quite  crystalline,  the  fossils 
are  not  determinable. 

Helmand  Series. 

Along  the  north-western  side  of  the  Paghman  range,  in  the  Sang- 

lakh  range  throughout  the  upper  reaches  of  the  Helmand  and  again 

in  the  Koh-i-Baba,  there  is  a  very  extensive  series  of  slate  and 

quartzite,  the  beds  of  which  are  often  vertical  or  dip  at  high  angles  to 
north  or  south.  It  is  well  seen  in  the  Helmand  basin  between  the  col 

at  the  head  of  the  Kabul  river  (Kotal-i-Unai)  and  Kharzar  at  the  foot 

of  the  Kotal-i-Hajigak  on  the  Kok-i-Baba  and  may  be  called  for  conve- 

nience the  Helmand  series.  In  places  intrusive  granite  has  converted 

the  slate  into  phyllite  with  chiastolite  and  occasionally  into  well- 

defined  schist  ;  this  has  occurred  between  Gardan  Diwal  on  the  Hel- 
mand and  Jaokul.  Here  the  series  contains  also  limestone  which  has 

been  converted  by  the  granite  sometimes  into  calc-schist  and  some- 

times into  a  grey  saccharoid  marble.  On  the  west  side  of  the  Kotal-i- 

Unai,  on  the  water-parting  between  the  Helmand  and  Kabul  rivers, 

a  conspicuous  member  of  the  series  is  a  dark  greenish,  compact  but 

fairly  coarse  conglomerate. 

The  relationship  of  the  Helmand  series  to  other  series  in  this  area 

is  very  obscure.  On  the  Kotal-i-Hajigak,  above  Kharzar,  it  appears  at 

one  time  to  overlie  and  at  another  to  underlie  the  Hajigak  limestone 

which  is  probably  of  Devonian  age.    In  the  Ghorband  valley,  however, 
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to  the  south  of  Siah-gird,  the  beds  dip  at  high  angles  to  the  north- 

west and  thus  appear  to  underlie  the  crinoid  limestone  of  Waghzar 

which  I  regard  as  the  continuation  of  the  Devonian  beds  of  the  Kotal-i- 

Hajigak. 

In  the  Parsa  valley,  on  the  other  hand,  the  same  rocks  continue  with 

a  steady  south-easterly  dip  right  up  to  the  granite  which  forms  here  the 
crest  of  the  Paghman  range. 

On  the  opposite  side  of  the  Ghorband  valley,  the  crest  and  south- 

eastern slopes  of  the  Hindu  Kush  consist  largely  of  slate,  schist  and 

quartzite.  Good  sections  of  these  are  seen  on  the  way  up  to  the 

Cbahardar  pass  and  on  the  heights  at  the  head  of  the  J u-i-dukhtar.1 

Metamorphism  by  the  granite  is  very  general  here,  and  correlation  can 

be  only  tentative,  but  I  am  disposed  to  regard  these  rocks  as  a  meta- 

morphic  facies  of  the  Helmand  series. 

In  the  hills  between  Bamian  and  Saighan,  there  is  a  similar  series  of 

slate,  schist,  graphitic  schist  and  quartzite,  which  may  represent  the 

Helmand  series  with  perhaps  some  of  the  underlying  horizons.  Like 

the  sections  in  Ghorband  those  in  Saighan  are  obscured  by  intrusive 

granite,  and  one  cannot  refer  these  beds  confidently  to  the  Helmand 

series.  The  graphitic  schist  rather  suggests  the  Kalu  series,  but  I  have 

not  observed  any  representative  of  the  hematite  bed. 

In  the  neighbourhood  of  Ak  Robat,  the  rocks  which  I  have  referred 

to  the  Helmand  series  are  overlain  by  crinoid  limestone  which  contains 

Fusulina,  and  is  probably  of  Upper  Carboniferous  age.  The  Helmand 

series  is  therefore  presumably  Lower  and  Middle  Carboniferous,  and 

fills  the  gap  between  the  Hajigak  and  Pusulina  limestones. 

Fusulina  Limestone  Series. 

Prom  the  middle  of  the  Ghorband  valley  above  Siah-gird  to 

Ak  Robat  in  Bamian,  there  is  a  continuous  belt  of  limestone  and  slate 

Por  the  most  part  the  limestone  is  a  dark  grey,  more  or  less  crystalline 
rock  with  numerous  veinlets  of  calcite.  No  fossils  have  been  found  in 

it  in  Ghorband,  and  I  consequently  refer  to  it  in  that  valley  as  the 

1  Ju  or  Juy  =  a  stream  {Pers.) 
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*  Ghorband  limestone',  but  between  the  Shibar  pass  and  Balula  and  again 
in  the  mountains  on  the  north  side  of  the  Bamian  valley,  parts  of  the 

limestone  are  full  of  Fusulina  and  Schwagerina,  which  define  the  age  of 

the  rock  as  Upper  Carboniferous  or  Permian.  Fusulina  limestone 

occurs  again  on  the  Ak  Robat  Kotal  on  the  road  from  Bamian  to  Sai- 

ghan.  In  this  area  it  is  associated  with  the  grit,  quartzite  and  slate 
that  I  have  referred  to  the  Helmand  series.  On  the  ascent  to  the  crest 

of  the  range  behind  the  Ak  Robat  caravansarai,  the  limestone  is  under- 

lain by  a  thick  bed  of  conglomerate.  A  similar  rock  occurs  at  Shumbal 

in  huge  blocks  lying  on  the  limestone,  but  was  not  found  in  siin. 

In  the  Khwajagar  ravine  in  Bamian  the  Fusulina  limestone  series 

consists  of  a  massive,  apparently  unfossiliferous  rock  overlain  by  a  small 

thickness  of  slate  and  cpiartzite,  followed  by  shaly  thin-bedded  limestone 

containing  large  numbers  of  Fusulina;,  including  F.  elongata  Shumard 

and  F.  uralica  Krotow.  With  this  is  associated  a  band  of  compact 

black  limestone  containing  brachiopods,  of  which  the  commonest  is 

Productus  pnnctatus  Mart.  ;  other  genera  are  Reticular  ia  {R.  line  at  a 

Mart.),  Dielasma,  Uncinulus  aud  Spirifer.  Above  this  is  a  thin  band 

of  coral  limestone,  succeeded  by  more  limestone  with  Fusulina  and  a 

thick  mass  of  pale  grey  limestone  containing  large  numbers  of 

Schwagerina. 

The  Fusulinidat  of  these  limestones  comprise  the  following  species  : — 
Fusulina  uralica  Krotow. 

„       elongata  Shumard. 

„       sp.  indet. 

Schwagerina  princeps  Ehrenberg  (including    6'.  verbecki 
Geinitz). 

„  (Doliolina)  lepida  Sch wager. 

Neoschwagerina  craticulifera  Schwager. 

,,  primigena  Hayden. 
Sumatrina  anna  Volz. 

In  addition  to  these  there  are  many  other  foraminifera,  most  of 

which  have  been  observed  only  in  thin  sections  under  the  microscope 
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and  cannot  be  determined  with  any  confidence.  They  include,  however, 

species  of  Miliolina  not  yet  described,  Spiroloculina  sp.,  and  various 

genera  of  Textnlaridae,  including  Bigenerina  d'Orb.  and  Valvulina 

d'Orb.  (  =  Tetrataxis  Ehr.). 
Douville  recognises  three  /.ones  in  the  Fusulina  limestones  of  the 

Indo-China  and  S.  E.  Asia,!  viz.: 

(i)  Upper  Permian,  with  Sumalrina  anna  Volz,  (2)  Lower  Permian, 

with  N.  craticulifera  Schw.,  and  (3)  Uralian,  with  Sckwagerina 

princ.eps  Ehr.  All  these  are  represented  in  the  limestones  of  Afghan- 

istan, which  we  may  therefore  regard  as  extending  from  Carboniferous 

to  Upper  Permian. 

Outcrops  of  massive  grey  limestone  are  common  among  the  hills 

between  Ak  Robat  and  Saighan  and  also  westwards  in  the  Ao  and 

Khargin  valleys.  Fossils  have  not  been  found  in  any  of  them,  but  I 
have  little  doubt  that  detailed  examination  of  the  rock  under  the 

microscope  would  enable  us  to  refer  most  of  the  apparently  disconnected 
occurrences  to  the  Fusulina  limestone  and  associated  limestones  of 

Ghorband  and  Ak  Robat. 

Doab  Series. 

Neither  in  the  Shibar  area  nor  on  the  Koh-i-Ghandak  was  I  able  to 

examine  the  beds  immediately  overlying  the  Fusulina  limestone  series, 

but  in  the  latter  area  it  is  probably  overlain  unconformably  by  Upper 

Mesozoic  rocks. 

In  upper  Saighan  the  older  formations  are  overlain  unconformably 

by  a  volcanic  series,  which  covers  a  large  area  both  there  and  in  lower 

Saighan  and  is  evidently  younger  than  the  Fusulina  limestone.  It  may 

be  conveniently  named  the  '  Doab  series/  being  well  exposed  at  and 

around  Doab-i-Mekhzann  at  the  junction  of  the  Kahmard  and  Saighan 

rivers.  It  consists  of  volcanic  ashes,  breccias  and  lava  flows  with  inter- 

bedded  shale  and  sandstone.  Shale  is  usually  more  prevalent  in  the 

1  Bull.  Soc.  Ge'ol.  France,  4e  Ser.,  VI,  587  (1906). 
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upper  part  of  the  series.  Conglomerate  occurs  locally  and  in  one  locality 

a  coarse  volcanic  agglomerate  was  noticed. 

The  age  of  the  series  is  doubtful,  as  no  conformable  junction  with 

underlying  rocks  has  been  observed,  and  it  has  been  found,  in  upper 

Saighan,  distinctly  unconformable  to  the  supposed  Fusulina  limestone. 

On  the  other  hand  it  sometimes  appears  to  be  overlain  conformably  by 

a  plant-bearing  series  of  middle  Jurassic  age  (the  Saighan  series). 

How  far  this  appearance  may  be  deceptive  I  have  not  been  able  to 

determine ;  in  certain  places  there  is  apparently  a  well-marked  uncon- 

formity between  the  two  series.  The  Doab  series,  however,  is  evidentlv 

partly  of  marine  and  partly  of  sub-aerial  origin,  whilst  the  Saighan 

series  appears  to  have  been  deposited  in  fresh-water ;  this  would  fullv 

account  for  the  apparently  anomalous  mutual  relations  of  the  two 

series  and  there  is  no  conclusive  evidence  of  any  serious  time-break 

between  them.  Consequently  the  Doab  series  is  probably  partly  of 

Jurassic  and  partly  of  Triassic  age.  No  fossils  have  been  found  in  it 

in  any  part  of  the  area  that  I  visited,  although  some  of  the  dark  shales 

seem  admirably  suited  for  their  preservation ;  but  it  is  possible  that 

certain  lamellibranchs  collected  by  Mr.  Griesbach  in  Chahil,  may  have 

come  from  it  (see  infra,  p.  31).  It  is  unfortunate  that  I  had  no 

opportunity  of  ascertaining  the  relationship  of  this  series  to  the  fossili- 

ferous  beds  of  the  Fusulina  limestone ;  in  several  localities  which 

happened  to  be  accessible  to  me  I  had  hoped  to  find  both  series, 

but  they  were  hidden  at  the  crucial  point  by  the  cap  of  Upper 

Cretaceous  limestone  which  covers  so  much  of  this  part  of  Afghanistan, 

lying  unconformably  on,  and  hiding,  all  older  formations.  The  most 

favourable  locality  would  probably  be  the  deep  river-gorge  between 

Bamian  and  Saighan,  which  I  was  unable  to  visit  and  which  is  said  to 

be  passable  only  in  the  winter  when  the  water  is  at  its  lowest. 

In  connection  with  the  question  of  the  age  of  the  Doab  series,  it 

is  interesting  to  note  that  the  late  Dr.  A.  von  Krafft,  who  visited 

Darwaz  in  the  year  1898,  met  with  a  volcanic  series  of  which  the  lowest 

beds  were  interstratified  with  Fusulina  limestone.    From  the  writings, 
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of  Weber  and  other  Russian  geologists  it  would  appear  that  similar 

conditions  prevail  in  other  parts  of  Russian  Turkistan  and  it  would 

not  be  unreasonable  to  assume  that  they  extended  also  into  Saighan 

which  is  only  a  little  over  two  hundred  miles  to  the  south-west  of 

Darwaz.  The  Darwaz  volcanic  series  was  regarded  by  Dr.  Krafft  as 

Upper  Carboniferous  and  this  naturally  suggests  correlation  with  the 

Panjal  trap  of  Kashmir,  which  Mr.  Middlemiss  has  now  shown  to  be 

also  of  that  age.  One  is  therefore  tempted  at  first  to  regard  Kashmir, 

Darwaz  and  Saighan  as  local  centres  of  activity  along  an  Upper 

Carboniferous  volcanic  belt.  The  Doab  series,  however,  appears  to  be 

much  more  intimately  connected  with  the  overlying  Saighan  series  than 

with  the  Fusulina  limestone  and  such  evidence  as  we  have  at  present 

points  to  Upper  Trias  or  Lias  rather  than  to  Lower  Trias  or  Permian. 

Saighan  Series. 

With  the  exception  of  the  Cretaceous  limestone  this  is  the  most 

extensive  series  seen  to  the  north  of  the  Hindu  Kush  in  Saighan  and 

Kahmard ;  while  the  Cretaceous  limestone  caps  the  hills,  the  plant- 

bearing  shales,  sandstones  and  conglomerates  occur  in  the  valleys.  It 

can  be  traced  at  intervals  throughout  the  valley  of  Saighan  from 

Begal  on  the  west  to  Tala  on  the  east.  To  the  north  it  is  found  in 

the  Hajar  valley  and  again  in  Khorak  and  Chahil.  The  pass  between 

Chahil  and  Ab-i-Khorak  was  the  northern  limit  of  my  tour  and  I  was 

unable  to  examine  the  Chahil  valley,  but  both  there  and  in  Dara  Yusuf 

it  is,  according  to  Mr.  Grriesbach,  very  largely  developed  (9,  245).  The 

series  consists  of  shale,  sandstone,  grit  and  conglomerate.  The  shales 

are  often  highly  carbonaceous,  containing  well-preserved  fossil  plants 
and  here  and  there  seams  of  coal.  The  arenaceous  beds  are  usual] v 

brown  and  the  argillaceous  various  shades  of  grey  or  blue  according 

to  the  amount  of  carbonaceous  material  present ;  in  places  they  range 
from  almost  white  to  black. 

What  appears  to  be  a  complete  and  perfectly  continuous  section  of 

the  whole  series  occurs  at  Ishpushta  on  the  left  bank  of  the  Surkkab 

— the  river  formed  by  the  junction  of  the  Kahmard  and  Saighan 
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rivers— a  few  miles  below  Doab-i-Mekhzarin  (PI.  5).  The  lowest 

bed  is  a  white  sandstone,  which  contains  a  certain  amount  of  volcanic 

material.  At  Ishpushta  this  bed  appears  to  lie  with  perfect  conformity 

on  the  volcanic  series,  the  upper  beds  of  which  are  grey  ashes  overlying 

dark  needle  shales.  The  origin  of  the  white  basal  bed  of  the  plant- 

bearing  series  is  obscure  ;  it  appears  to  be  an  ash  deposited  in  water. 

From  the  apparently  perfect  passage  found  here  between  the 

volcanic  rocks  and  the  plant-bearing  series,  it  may  be  inferred  that 

the  occasional  unconformities  between  the  two  represent  no  particular 

time-break  but  are  only  what  would  be  expected  in  the  change  of 

conditions  of  deposition.  The  age  of  this  series  has  not  yet  been  finally 

determined,  but  there  is  little  room  for  doubt  that  it  is  J urassic.  The 

fossil  plants  collected  by  me  are  at  present  in  the  hands  of  Professor 

A.  C.  Seward,  who  has  kindly  undertaken  to  describe  them.  They 

are  to  a  great  extent  identical  with  collections  obtained  by  Messrs. 

Weber,  Nazarow  and  Bronnikow  in  Russian  Turkistan  and  recently 

described  by  Professor  Seward  (25) .  By  Mr.  Griesbach  they  were 

regarded  as  Triassic  on  account  of  his  discovery  at  Chahil  of  a  band  of 

shale  containing  lamellibranchs  that  he  determined  as  Daonella  lommeli 

Wiss.  and  Monotis  salinaria  Schloth. 

He  recognises  three  principal  horizons  (9,  245)  which  are,  in  des- 

cending order — 

(c)  Sandstone  and  shale  with  Schizoneura. 

(b)  Sandstone  and  shale  with  Equisetites  columnaris. 

(a)  Calcareous  sandstone,  with  Monotis  salinaria  and  Halobia 
lommeli. 

Coal  seams  are  stated  to  occur  between  (a)  and  (b)  and  (b)  and  (c). 

Some  importance  attaches  to  Mr.  Griesback's  observations  on  these 
Chahil  beds,  since  this  is  one  of  the  localities  at  which  he  believed  that 

he  had  found  Gondwanas,  and  Professor  Suess  has  embodied  this  view 

in  his  account  of  the  Hindu  Kush  (29,  292).  Too  much  weight  should 

not  be  attached  to  this  tentative  classification,  however.  Mr.  Griesbach 

states  that  his  highest  horizon  (c)  has  "  a  strong  resemblance  to  Upper 
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Barakars  in  lithological  character/!    As  these
  beds  occur  more  than  a 

thousand  feet  above  the  horizon  of  the  fossils
  that  he  referred  to  Ilalobta 

lommeli  and  Monotis  salmaria,  we  now  k
now  that  it  is  impossible  that 

they  could  represent  part  of  the  Barakar
  stage,  which  is  entirely 

Pikeozoic.    The  determination  of  the  lam
ellibranchs  from  horizon  (a) 

has  also  been  found  to  require  some  modif
ication.    Unless  the  sandstone 

from  which  they  were  derived  was  a  very  t
hick  one,  it  seemed  to  me 

improbable  that  two  species  characteristi
c  of  widely  separated  horizons 

should  occur  in  the  same  bed.    My  colle
ague,  Mr.  G.  H  Tipper, 

has  kindly  examined  Mr.  Griesbach
's  specimens  for  me  and  confirms 

my  view  that  neither  D.  lommeli  n
or  M.  salinaria  is  represented; 

he  regards  them  as  perhaps  relat
ed  to  Upper  Triassic  Ilalolue,  but

 

their  affinities  are  uncertain,  and  t
hey  may  be  even  younger  In 

Freeh's  Lethcea  Mesozoica  (p.  121)
  the  true  stratigraphical  position 

of  these  beds  has  been  still  furth
er  obscured  by  the  substitution  of

 

77     •  linn  Ritt"  for  Mr.  Griesbach's  "  HaloUa  lomm
eli.' 

«  Daonella   m>Uca  mtt.    ioi  i
j- 

From  the  observations  that  I  was
  able  to  make  on  trie  Sab.  Kota

l, 

where  my  work  joined  and  ov
erlapped  Mr.  Griesbach's,  I  hav

e  cop"* 

to  the  conclusion  that  the  two  u
pper  horizons  0)  and  (c)  belong 

 to 

what  I  have  called  the  Sai
ghan  series. 

In  Ao  Khorak  and  on  the  Sab
z  Kotal,  I  found  no  trace  of 

 he 

volcanic  Doab  series,  which  is
  presumably  hidden  everywhere

  by  the 

1  •  a  mant-bearing  beds.  Nor  does
  Mr.  Griesbach  make  any 

°^oU^~e  in  Chahil.  It  is  of  coarse  possible  tha
t  the 

volcanic  element  may  not  have
  extended  into  this  area  and 

 is  repre- 

Lted  by  shales  and  sandstones 
 similar  to  those  of  the  Saigha

n  series ; 

ut  t  is  "apparently  quite  well  developed  a
t  * 

i.    •  +     t*  ±Q\     It  has  not  been  recorded  
from  Russian  lurkis Afghanistan  (0,  11  Ud,b  uuu  .,    ,,-         o„TY,p  ns 

°  .     -r        ■    „i„n+  beds   which  are  evidently  the  same  as 

tan,  where  the  Jurassic  plant  beus,  w
m  _  j 

\  Ivh&n  series  overlie  Carbonif
erous  volcanic  rocks  (32,  89b). 

 It 

.  Weber's  original  paper  is  not  acc
essible  to  me, 
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a  wide  area,  and  it  would  be  rather  surprising-  to  find  that  Chahil  was 
outside  its  range.  Perhaps  Mr.  Griesbach,  having  frequently  referred 

to  the  presence  of  igneous  rocks  in  what  he  regarded  as  the  Trias  in 

other  localities,  did  not  consider  it  necessary  to  refer  to  them  again 

or  possibly  the  supposed  Halobia  are  Jurassic.  This,  unfortunately, 

is  another  of  the  many  points  in  the  geology  of  Afghanistan  that  must 

be  left  for  the  future — a  distant  future,  I  fear — to  decide. 

The  resemblance,  both  lithological  and  floral,  between  the  Saighan 

series  and  the  plant-bearing  beds  of  Ferghana,  Syr  Darya  and  other 

parts  of  Russian  Turkistan,  is  so  striking  that  there  can  be  no  reason- 
able doubt  that  the  conditions  of  deposition  were  the  same  in  both 

cases  and  that  the  Saighan  series  belongs  to  the  Angara,  rather  than 

to  the  Gondwana,  province. 

Mr.  Griesbach,  on  the  other  hand,  regarded  Western  Afghanistan 

and  Afghan  Turkistan  as  parts  of  Gondwanaland,  for  he  believed 

that  his  "Plant-bearing  series "  was  the  exact  counterpart  of  the 

Gondwanas  of  India  (11,  98).  This  opinion  was  based  (a)  on  the  litho- 

logical resemblance  between  the  basal  conglomerates  of  Palezkar  and 

the  Talchirs,  and  between  the  uppermost  beds  at  Chahil  and  the  Bara- 

kars  (9,  245) ;  (b)  on  the  supposed  alternation  of  the  highest  beds  of  the 

Fusulina  limestone  series  at  Ak  Robat  with  conglomerates  of  his 

"  anthracite  series,  "  and  (c)  on  the  presence  of  fossils  referred  by  him 
to  Vertebraria  and  Schizoneura.  With  regard  to  (a),  lithological 

resemblance  between  such  widely  separated  areas  as  the  Salt  Range 

and  Western  Afghanistan  is  at  the  best  a  dangerous  guide,  and  it  has 

been  shown  above  that  the  correlation  between  the  Chahil  plant-beds 

and  the  Barakars  is  untenable  ;  (b)  my  observations  lead  me  to  infer 

that  the  "  anthracite  series"  is  older  than  the  Fusulina  limestone  ;  (e) 
the  fossils  on  which  the  first  of  these  determinations  is  based  are  only 

indistinct  markings,  which  are  quite  undeterminable  and  might  be 

equally  well  referred  to  Equwetites,  while  Schizoneura  has  such  a  wide 

range  that  it  is  of  no  value  unless  its  species  can  be  ascertained.  Per- 

haps, therefore,  the  western  beds  are  after  all  the  same  as  the  northern, 
V 
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in  which  case  they  will  be  chiefly  Jurassic,  the  lower  (volcanic)  part 

being  possibly  Upper  Triassic. 

Red  Grit  Series. 

In  the  neighbourhood  of  Ishpushta  the  plant-bearing  series  passes 

up  through  brown  pebble-beds  into  a  great  thickness  of  intensely  [red 

rocks,  consisting  chiefly  of  grit,  pebbly  sandstone  and  conglomerate. 
The  same  series  is  found  also  in  the  Chahil  and  Khorak  area  and  in 

Western  Afghanistan,  where  it  was  named  by  Mr.  Griesbach  the  "  Red 

Grit  group  "  ;  its  appearance  is  very  characteristic  and  it  is  always 
readily  recognised,  forming,  as  it  does,  a  striking  contrast  to  the  white, 

grey  and  black  beds  of  the  underlying  Saighan  series.  It  has  been 

found  in  Bamian,  lower  Saighan,  Hajar,  Kahmard  and  Ab-i-Khorak. 

In  central  Saighan  it  thins  out  toward  the  west  and  in  the  upper  part 

of  that  valley,  in  Begal  and  Khargin,  disappears  altogether,  having 

been  removed  by  denudation,  together  with  almost  the  whole  of  the 

plant-bearing  series,  before  the  deposition  of  the  overlying  Upper  Creta- 
ceous limestone. 

The  age  of  the  Red  Grit  series  is  probably  Cretaceous.    I  had  no 

opportunity  of  examining  it  in  detail,  but  it  appears  to  contain  very 

few  fossils.    I  found  some  hippurites,  however,  in  a  red  calcareous  bed 

near  the  top,  so  this  bed  is  presumably  Cretaceous.    Mr.  Griesbach 

regarded  the  series  as  partly  Jurassic  and  partly  neocomian  (11,  99) ; 

this  conclusion,  however,  appears  to  have  been  based  on  the  determina- 

tion of  certain  brachiopods  that  he  found  in  beds  immediately  below 

the  Red  Grit  series  at  Firaiman  near  Mashhad  and  regarded   as  a 

variety  of  Teralratnla  gregaria  Suess.    These  specimens  are  among 

his  collections  in  the  Geological  Museum  in  Calcutta  and  I  have  thus 

been  able  to  examine  them :  they  appear  to  me  to  be  identical  with 

Terebratula  sella  Sow.,  a  common  form  in  the  Lower  Cretaceous  of 

Europe.    They  occur  in  a  matrix  composed  largely  of  Orbitolina  ;  with 

these  there  is  also  a  fragment  which  appears  to  belong  to  one  of  the 

Eudista,  possibly  Monopleura.    Presumably  therefore  the  "  Firaiman 
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beds"  of  Mr.  Griesbach  are  Lower  Cretaceous  and  may  correspond 
approximately  to  the  Barremien  stage  ;  the  Red  Grit  series  must 

therefore  be  younger. 

Cretaceous  System. 

This  comprises  by  far  the  most  widely  distributed  group  of  rocks 

in  Afghanistan  to  the  north  of  the  Koh-i-Baba  and  the  Hindu  Kush. 

To  anyone  looking  northward  from  either  of  these  mountain  ranges 

the  whole  country  appears  to  consist  of  gently  undulating  downs  with 

here  and  there  a  small  limestone  scarp,  and  it  is  only  when  one  begins 

to  cross  the  downs  that  this  appearance  is  found  to  be  highly  illusory, 

for  at  every  few  miles  they  are  cut  up  by  deep  valleys,  from  a  few 

hundred  yards  to  a  mile  in  width  and  as  much  as  2,000  or  3,000  feet 

deep,  running  approximately  east  and  west  and  connected  with  one 

another  by  narrow  precipitous  gorges. 

From  the  Koh-i-Baba  and  the  Hindu  Kush  northwards  to  the  plains 

of  Afghan  Turkistan,  the  whole  area  was  formerly  covered  by  a  sheet 

of  Upper  Cretaceous  limestone,  which  was  deposited  unconformably  on 

all  older  formations.  At  first  sight,  this  appears  to  lie  in  almost  hori- 

zontal beds  and  we  conclude  that  there  has  been  but  little  post-Creta- 

ceous crust-movement;  but  when  we  descend  from  the  undulating 

plateaux  into  the  valleys  we  sea  at  once  that  this  first  impression  is 

quite  erroneous  and  that  the  horizontality  of  the  beds  is  to  be  ascribed 

to  the  considerable  folding  that  they  have  undergone.  This  apparent 

paradox  arises  from  the  type  of  structure  — the  recumbent  fold  — which 

persists  throughout  the  whole  area.  Pig.  1  (p.  3)  shows  diagram- 

matically  the  prevailing  tectonic  conditions,  which  are  also  exemplified 

in  Plates  2,  3  and  6.  It  will  be  seen  that  the  valleys  are  cut  out 

along  the  broken  anticlinal  crebts,  whilst  the  high  intervening  plateaux 

are  formed  by  a  limb  of  the  recumbent  fold.  Sometimes  the  inversion 

is  combined  with  overthrust  along:  the  middle  limb  of  the  fold  as  at 

Pasht-i-Safed  in  Kahmard  (fig.  2,  p.  4). 

P  % 
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As  a  rule  the  junction  of  the  Upper  Cretaceous  limestone  with  all 

underlying  formations  occurs  on  a  violent  unconformity  (see  Plate  7), 
but  at  Painguzar  and  again  in  the  Astar-ab  valley,  both  of  which 
localities  lie  to  the  north  of  the  Tirband-i-Turkistan,  Mr.  Griesbach 

considered  the  sequence  from  the  Red  Grit  series  into  the  Upper 
Cretaceous  limestone  a  perfectly  conformable  one. 

The  most  complete  section  that  I  have  seen  lies  in  a  small  vallev  to 

the  north  of  Ishpushta.    Here,  however,  there    appears   to   be  an 

unconformity,  although  it  may  not  represent  any  particular  break  in 

continuity  of  deposition.    The  uppermost  beds  of  the  Red  Grit  series 

are  a  red  limestone  overlain  by  a  red  pisolitic  rock  very  like  f;  low-level" 
laterite.    This  is  overlain  by  a  conglomerate  followed  by  sandstone  and 

gypsum,  overlain  in  turn  by  limestone.    There  appears  to  be  a  slight 

discordance  at  the  base  of  the  conglomerate,  which,  together  with  the 

sandstone  and  gypsum,  seems  to  belong  to  the  overlying  limestone. 

Often,  however,  these  beds  are  absent  and  the  limestone,  which  is 

usually  a  flaggy  rock  made  up  of  comminuted  fragments  of  shells,  lies 

unconformably  on  everything  below.    There  is  thus,  at  the  base  of  the 

limestone,  a  well-marked  overlap,  representing  the  great  Cretaceous 

transgression  which  affected  such  a  wide  area  in  Central  Asia  and 

which   is   usually   attributed    to   the   cenomanian  period  (28,  290). 

Although  fossils  are  fairly  numerous  in  the    beds   above   the  basal 

limestone,  I  was  unable  to  collect  more  than  a  very  few  and  these  are 

all  rather  badly  preserved.    In  Upper  Saighan  some  shaly  marls  and 

arenaceous  limestones  yielded  echiuoids   and  ammonites,   which  mv 

colleagues,  Messrs.  E.  Yredenburg  and  G.  H.  Tipper,  have  been  kind 

enough  to  examine  for  me.    I  am  indebted  to  Mr.  Yredenburg  for  the 

following  note  on  the  echiuoids  : — 

"  The  four  specimens  of  a  spatangoid  ecbinoderm  are  too  crushed  and  too  in- 
complete for  specific  determination.  Nevertheless  the  generic  characters  are  perfectly 

recognisable  ;  the  specimens  belong  to  the  genus  Micraster.  the  extremely  short 
ambulacral  petals  recalling  forms  from  the  Cretaceous  of  Europe.  So  far  as  I  am 
aware,  this  is  the  first  Cretaceous  Micraster  obtained  in  Asia.  None,  at  least,  are 
known  from  India  or  Persia.  The  rocks  containing  them  cannot  be  older  than  Middle 
Cretaceous,  probably  not  older  than  cenomanian. 
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"  The  smaller  of  the  '  regular  '  echinoids  is  a  Cyphosoma,  but  cannot  he  specifically 
determined." 

Mr.  Tipper  refers  the  ammonites  to  the  genus  Hoplites.  A 

small  fragment  of  Scaphites  sp.  and  a  brachiopod  very  closely  allied  to, 

if  not  identical  with,  Terebratula  semiglobosa  d'Orb.,  also  occur  at  the 
same  horizon.  The  limestone  overlying  these  beds  is  full  of  lamelli- 

branchs,  among  which  the  genus  Exogyra  is  very  common  and  led  Mr. 

Griesbach  to  call  the  rock  "  Exogyra  limestone."  Gryphaa  vesi- 
culates Lam.  occurs  in  this  limestone  at  about  150  feet  above  the 

horizon  of  the  ammonites  ;  a  little  lower  down,  the  same  rock  has  also 

yielded  hippurites  and  Pecten  {Neithea)  quinquecostata  Sow.  The 

limestones,  therefore,  are  perhaps  not  older  than  senonian,  whilst 

the  underlying  marls  may  be  as  old  as  cenomanian. 

Tertiary  System 

In  Saighan  and  Kahmard,  the  limestone  with  Gryphcea  vesicularis 

is  overlain  by  a  fine-grained  bluish-grey  concretionary  sandstone, 

which  is  locally  replaced  by  either  clunchy  shale  or  pale-grey 

calcareous  shale  followed  by  gypsum  ;  above  this  is  another  bed  of  grey 

shale  sometimes  containing  small  veins  and  nodules  of  sulphur.  Above 

this  again  are  grey,  brown  or  red  shales.  After  this  there  is  usually  a 

pronounced  unconformity,  above  which  are  beds  of  bright  red 

conglomerate. 
I  have  followed  Mr.  Griesbach  in  classing  the  whole  of  this  series  as 

Tertiary,  although  the  boundary  assumed  between  it  and  the  un- 

doubtedly Cretaceous  limestone  is  merely  a  lithological  one  and  has  not 

been  fixed  from  palseontological  data;  throughout  Saighan  and 

Kahmard,  the  horizon  marked  at  one  point  by  a  concretionary  sandstone 

and  at  another  by  a  clunchy  shale  is  undoubtedly  the  natural  line  to 

take  as  the  base  of  the  series.  It  will  probably  be  necessary  eventually 

to  give  this  system  a  local  name,  but  as  its  characters  are  decidedly 

variable,  it  seems  preferable  to  risk  a  certain  amount  of  inaccuracy  and 

continue  to  call  it  Tertiary  provisionally  rather  than  to  saddle  it  with  a 

name  which  subsequent  work  may  prove  to  be  unsuitable. 
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Both  in  Madar  and  in  Kahmard  there  is  a  distinct  unconformity 

in  the  middle  of  this  so-called  Tertiary  system.    The  beds  above  the 

unconformity  are  red  conglomerates  and  pebbly  sandstones  very  sugges- 
tive of  the  Gobi  series,  of  which  they  may  perhaps  be  a  distant  outlier. 

They  lie  more  or  less  horizontally  on  the  folded  and  eroded  edges 

of  the  lower  beds.    There  was  evidently  a  considerable  time  interval 

between  the  deposition  of  the  two  series.    This  unconformity  escaped 

Mr.  Griesbach's  attention,  for  he  states  that  at  Madar  (which  he  writes 

"  Mathar ")  there  is  a  perfectly  conformable  sequence  from  the  beds 
overlying  the  Upper  Cretaceous  limestone  into  the  red  conglomerates, 

which  he  regards  as  pliocene.    The  lower  beds  are,  according  to  him, 

eocene  and  miocene ;  I  had  no  opportunity  of  examining  them  in  detail 

and  found  only  a  few  indeterminable  fragments  of  (?)  Ostrea  sp.  in  the 

lowest  bed.    Mr.  Griesbach's  inference  of  the  presence  of  miocene  beds 

is  based  on  fossils  collected  by  bimself  in  his  "  Cerithium  clays"  ;  the 

species  of  his  Cer/'lhium,  however,  was  not  determined  and  the  assumed 
miocene  age  of  the  clays  is,  therefore,  open  to  question.    I  should  be 

inclined  to  doubt  the  existence  of  miocene  beds  in  Madar  and  Kahmard 

and  to  refer  the  beds  below  the  unconformity  to  the  eocene  and,  follow- 

ing Mr.  Griesbach,  those  above  to  the  pliocene ;  the  unconformity, 

particularly  at  Madar,  is  too  pronounced  for  the  beds  below  it  to  be 

so  closely  associated  in  time  with  the  overlying  conglomerate. 

In  Ghorband,  between  Siah-gird  and  Parsa,  what  was  once  a  broad 

river-valley,  carved  out  of  the  Ghorband  limestone  and  the  slates  and 

quartzites  of  the  Paghman  range,  is  now  filled  with  a  thick  series  of 

soft  shales  below,  with  shales,  sandstones  and  conglomerates  above. 

Here  and  there  a  thin  layer  of  coal,  usually  only  an  inch  or  two  in 

thickness,  runs  through  the  shale  or  sandstone  for  a  short  distance. 

These  beds  lie  uncont'ormably  on  the  Ghorband  limestone  (Plate  8, 
fig.  1) ;  they  have  been  considerably  disturbed,  and  small  faults  are 

innumerable;  the  dip  is  usually  at  a  fairly  high  angle  (30°  and  over]  to 

east  or  south-east.  Between  Faragard  and  Siah-gird,  the  upper  beds 

are  overlain  by  the  bright  red  Upper  Tertiary  conglomerate. 
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Here,  perhaps,  we  have  a  miocene  series  which  would  fill  in  the  gap 

represented  by  the  unconformity  at  Madar  and  in  other  parts  of 
Kahmard. 

In  Kahmard;  Saighan  and  Bamian  there  are  large  deposits  of  clay, 

pebbly  sandstone  and  conglomerate,  which  are  presumably  of  Siwalik 

age  ;  they  are  more  argillaceous  than  the  Siwaliks  which  occur  in  their 

typical  facies  of  conglomerate  and  pepper-and-salt  sandstone  throughout 

the  Kabul  plain,  at  Khurd  Kabul,  Jagdallak,  Gandamak,  Daronta 

and,  in  fact,  at  intervals  all  over  the  area  between  Kabul  and  the 

Khyber.  At  Khurd  Kabul  the  upper  conglomerates  are  underlain  by 

marl  and  carbonaceous  clay,  the  latter  containing  a  few  poorly  pre- 

served plant  remains  and  also  fragments  of  a  small  Planorhis.  Similar 

carbonaceous  beds  also  occur  to  the  east  of  the  Lataband.1 

The  supposed  Siwalik  age  of  all  these  rocks  is  not  supported  by  any 

definite  palseontological  evidence,  and  lithological  resemblance  is  often 

a  very  misleading  guide.  They  are  undoubtedly  old  river-deposits,  laid 

down  in  the  wide  valleys  which  were  formed  during  a  Middle  Tertiary 

period  of  crust-movement,  and  in  the  absence  of  other  evidence,  it 

seems  best  to  group  them  with  the  similar  Indian  deposits  of  Upper 

Tertiary  (Siwalik)  age.  They  have  undergone  a  considerable  amount 

of  disturbance  since  their  deposition.  On  either  side  of  the  gorge  of 

the  Kabul  river  above  Gogomanda,  they  are  seen  capping  the  cliffs  a 

thousand  feet  or  more  above  the  present  river-bed,  whilst  in  the 

neighbourhood  of  Jagdallak  their  dip  is  almost  vertical  where  they 

abut  against  the  older  crystalline  limestone  and  schist.  Out  in  the 

more  open  plains,  however,  they  are  often  quite  horizontal  and 

apparently  undisturbed. 

Pleistocene. 

Milch  of  the  alluvium  of  Koh-i-Daman,  of  the  Kabul  plain  and  of 

the  valley  of  the  Kabul  river  is  no  doubt  of  pleistocene  age,  but  there  is 

1  Infra,  p.  45, 
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nothing  to  distinguish  it  from  the  recent  deposits  of  similar  composi- 
tion. 

In  the  Gandamak  plain  there  are  several  small  hills  made  up  of 

piles  of  enormous  blocks  of  crystalline  limestone,  quartzite,  granite  and 

igneous  rocks  all  jumbled  together.  The  limestone  blocks  are  espe- 

cially large  —  up  to  10  feet  or  12  feet  in  diameter  ;  other  blocks  are 
smaller,  but  often  three,  four  and  five  feet  in  diameter.  Whence  and 

how  these  blocks  came  here  it  is  difficult  to  guess,  but  their  size  suggests 

ice  as  the  transporting  agency.  I  only  saw  them  in  the  immediate 

neighbourhood  of  Gandamak  and  they  appear  to  be  quite  local.  Rocks 

like  them  occur  in  situ  in  the  Siah  Koh,  but  if  they  were  brought  to 

Gandamak  by  ice,  one  would  be  more  inclined  to  look  for  the  parent 
mass  in  the  Safed  Koh  to  the  south. 

Beautifully  striated  pebbles  are  found  throughout  the  sandy  plain 

between  Jalalabad  and  Baoli  ;  these  might  easily  be  taken  for  glaciated 

pebbles  were  they  not  also  pitted  in  the  manner  so  characteristic  of  sand- 

sculpture ;  as  they  occur  und'3r  desert  conditions,  I  have  no  hesitation 
in  attributing  their  sculpture  to  wind  rather  than  to  ice.  The  pebbles 

are  derived  from  the  Siwalik  conglomerates  and  occur  now  among  the 

recent  plain  deposits  ;  they  are  only  referred  to  here  in  view  of  the  fact 

that  their  sculpture  might  be  attributed  to  post-pliocene  glaciation 

and  the  deposit  in  which  they  occur  be  thus  erroneously  regarded  as 

pleistocene. 

Ill  DESCRIPTIVE. 

The  Kabul  river=valley  below  Jalalabad. 

From  Jalalabad,  until  it  plunges  into  the  precipitous  gorges  below 

Lalpura,  the  Kabul  river  runs  through  an  alluvial  valley,  usually  broad 

and  open  but  occasionally  closed  in  by  the  approach  of  the  hills  on 

either  side.  Here  and  there  small  hillocks  and  ridges  rise  up  through 

the  alluvium.  On  either  side  of  the  valley  huge  talus  fans  from  the 

Safed  Koh  on  the  south  and  from  the  ranges  of  Kunar  and  the 

Mohmand  country  on  the  north,  slope  down  to  the  river.  Throughout 
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this  area  the  rocks  consist  of  slate,  limestone  and  calc-sehist,  evidently 

the  products  of  metamorphism  of  a  sedimentary  series.  No  fossils  have 

been  found  in  them  and  they  may  be  of  almost  any  age. 

Limestone  continues  practically  all  the  way  from  Ali  Masjid  to 

Landi  Kotal,  where  it  is  succeeded  by  a  thick  series  of  slates.  At 

about  8  miles  from  Landi  Kotal  on  the  road  to  Dakka  the  slate  series 

is  interrupted  by  a  fault  which  brings  in  some  thick-bedded  limestone  ; 

this,  however,  soon  gives  place  again  to  slate  which  is  apparently 

the  prevailing  rock  in  the  hills  all  round  Dakka. 

From  Dakka  onwards  the  road  runs  first  through  slate,  then  on  to 

alluvium  interrupted  here  and  there  by  older  rocks.  Beyond  Basawal 

it  passes  through  a  low  hill-range  of  slate,  calc-schist  and  limestone, 

all  greatly  crushed,  contorted  and  metamorphosed.  Thence  a  broad 

alluvial  plain  stretches  up  to  and  beyond  the  village  of  Chahardeh 

(Chardih),  to  the  east  of  which  a  low  ridge  of  limestone  runs  towards 

the  river  to  join  the  Koh-i-Bedaulat. 

From  Chahardeh  the  Jalalabad  road  continues  in  a  north-westerly 

direction  through  the  plain  for  several  miles,  but,  just  beyond  Lachi- 

pura,  runs  on  to  the  right  bank  of  the  Kabul  river  and  skirts  cliffs  of 

quartz-schist  and  sericite  schist,  the  latter  with  well-marked  slaty 

cleavage.  Similar  rocks  continue  as  far  as  Giridi  Kach,  where  they 

give  place  to  serpentine,  with  dolerite  and  a  small  amount  of  phyllite. 

These  form  the  northern  end  of  a  group  of  hills  composed  chiefly  of 

basic  igneous  rocks.  Thence  an  open  plain,  interrupted  only  by  some 

small  granite  hillocks  at  Jalalabad,  extends  to  the  foot  of  the  Siah-Koh. 

The  Siah  Koh  and  neighbouring  valleys. 

The  main  road  from  Jalalabad  to  Kabul  runs  via  Gandamak  to 

Jagdallak.    On  the  right  is  the  Siah  Koh  with 

BelWeGanJdIanlakad  its  schists  and  limestones,  and  far  away  on  the 
left  the  forest-clad  slopes  of  the  Safed  Koh.  The 

intervening  depression  is  filled  chiefly  with  "pepper-and-salt"  sand- 
stone and  conglomerates,  with  occasional  shaly  bands,  all  presumably  of 
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Siwalik  age.  These  beds  form  an  anticline,  of  which  the  northern 

limb  has  a  comparatively  steep  dip,  sometimes  as  much  as  30°,  whilst 
the  southern  is  flatter. 

5,  Siwalik  sandstones  and  conglomerates.     4,  3,  Metamorphic  limestone  and  slate. 
1,  Alluvium  of  the  Surkh-ab.    2,  Granite. 

Fig.  4. 

Diagrammatic  section  across  the  valley  of  the  Surkh-ab  between  the  Siah  Koh 
and  the  Safed  Koh. 

The  road  enters  the  Siwalik  beds  just  below  Fort  Battye,  and 

continues  among  them  for  a  short  distance  beyond 

urkhpul.  Gandamak.    At  the  low  pass  between  Gandamak 
and  Surkhpul  they  are  reduced  to  a  narrow  strip  of  sandstone  and  shale 

lying  unconformably  on  limestone  and  granite  belonging  to  the  crystal- 
line series  of  the  Siah  Koh.  To  the  west  of  the  pass  they  expand  again 

and  cover  all  the  older  rocks,  which,  except  in  some  small  hills  to  the 

south  of  Surkhpul,  appear  only  in  the  valleys.  The  Siwaliks  also  run 

high  up  the  southern  slopes  of  the  Siah  Koh  between  Surkhpul  and 

Jagdallak,  and  are  found  on  the  Jagdallak  pass  (6,200  feet)  between 

these  two  places.  At  about  two  miles  below  the  pass  and  at  a  short 

distance  from  Jagdallak,  the  beds  are  very  highly  inclined,  being  some- 

times even  vertical.  This  high  inclination  has  been  observed  at  several 

localities  in  the  neighbourhood  of  Jagdallak  and  the  Siah  Koh.  The 

disturbance  is  always  most  marked  where  the  beds  abut  against  the 

hill'-masses,  and  this  points  to  comparatively  recent  movement  in  the 
direction  of  elevation  of  the  hills. 

To  the  east  of  Jagdallak  the  Siwaliks  run  up  to  the  steep  hills  of  the 

crystalline  belt  of  the  Ruby  Mines.  The  lime* 

stone  is  here  about  £  mile  wide,  and  is  broken  Up 
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into  an  irregular  group  of  steep  hills,  with  small,  usually  waterless 

valleys. 

On  the  north,  west  and  south,  the  whole  valley  is    filled  with 

the  same  sands,  clays  and  conglomerates  which 

extend  past  Sarobi  to  the  Kabul  river  on  the 

north  and  to  the  flanks  of  the  Karkacha  range  in  Tezin  on  the  west : 

they  also  appear  to  extend  up  to  the  Lataband  (10,  ~;3). 
From  Jalalabad  a  second  road  to  Sarobi  runs  for  the  most  part  along 

the  right  bank  of  the  Kabul  river.    For  the  first 

rlveVra?eeiow°Sart!biKabUl     few  miles>  as  far  as  the  Surkhab,   it  lies  on 
alluvium,  then  rises  over  the  eastern  end  of  the 

Siah  Koh,  where  the  Kabul  river  issues  through  the  Daronta  gorge. 

This  is  cut  through  porphyritic  gneissose  granite,  of  which  the  foliation 

planes   strike    E.N.E.-W.S.W.   with    a   very    high  dip  to  N.N.E. 

From  Daronta  a  broad  valley,  filled  with  Siwalik  beds,  extends  along 

the  northern  flanks  of  the  Siah  Koh  to  Kach-i-Mahomed  Ali  Khan. 

Nothing  but  soft  sand-rock  and  conglomerate  is  seen  in  situ  through- 
out the  whole  distance  of  about  20  miles,  but  the  streams  from  the  Siah 

Koh  bring  down  pebbles  of  granite  and  dark  basic  rocks,  chiefly 

epidiorite  and  allied  hornblendic  types.    The  Siwaliks  continue  for  about 

four  miles  beyond  Kach-i-Mahomed  Ali  Khan,  when  they  give  place  to 

steeply  dipping  clay  slates,  well-bedded  and  cleavable.     These  continue 

for  about  three  miles,  becoming  gradually  more  and  more  schistose 

until  they  are  found  as  metamorphosed  schists  in  contact  with  granite. 

The  latter  rock  is  the  typical  Himalayan  biotite-granite,  with  veins  of 

schorl-granite;  it  forms  the  high  ridges  on  either  side  of  the  Kabul 

river,  and  continues — interrupted  ouly  once  by  a  belt,  about  1^  miles  in 

width,  of  slate  and  schist — to  within  <'3  miles  of  Sarobi,  where  it  is  covered 

by  the  Siwaliks  of  the  Jagdallak-Sarobi  area, 

The  Lataband  and  the  Kabul  Plain. 

From  Sarobi  to  Kabul,  there  are  fchrlse  roads  :  a  northerly  one  along 
the  Kabul  river  through  the  gorge  known  as  Tangi  Ghuru,  a  central 



14 
IIAYDEN  :    GEOLOGY  OF  NORTHERN  AFGHANISTAN. 

one  over  the  Lataband  and  a  southerly  route  over  the  Haft  Kotal  to 

Klmrd  Kabul.    I  have  travelled  only  by  the  lirst  route,  but  returned 

from  Kabul  along  the  third  to  Tangi  Tarakki,  a  few  miles  east  of 

Khurd  Kabul,  whilst  Mr.  Griesbach  has  already  described  the  rocks 

ween  along  the  road  over  the  Lataband. 

After   leaving  Sarobi,  the  road    via  Tangi  Gharu  rises  over  a 

flat-topped  ridge  of  Siwalik  beds   which  separates Tangi  Qbaru.  . 
Sarobi  from  the  Kabul  river  at  Kach-i-Sher  Khan. 

On  the  top  of  the  ridge,  inliers  of  grey  limestone,  weathering  brown, 

crop  out  through  the  Siwaliks.    The  limestone  exactly  resembles  the 

Megalodon  limestone  in  the  Para  stage  of  Spiti,  and  is  full  of  similar 

heart-shaped  sections  of  lamellibranchs,  some  of  which  are  as  much  as 

a  foot  in  length,  and  probably  represent  Dicerocardium,  whilst  the 

smaller  ones  are  Megalodon.    The  same  limestone  appears  to  continue 

to  the  west  along  the  high  ridge  on  the  right  side  of  the  Kabul  river. 

The  road  strikes  the  river-bank  at  the  small  village  of  Kach-i-Sher 

Khan,  and  just  above  this  point  the  Siwalik  beds  end  and  give  place  to 

serpentine  which  extends  for  about  two  miles  up  the  river.    On  the  hill- 

sides above  the  right  bank,  light-grey  limestone,  much  crushed  and 

folded,  is  associated  with  the  serpentine.    Westwards  these  are  capped 

on  the  hill-tops  by  cliffs,  which  must  be  1,000  feet  high,  of  Siwalik 

conglomerate ;  this  gradually  spreads  down  into  the  valley  of  the  river, 

which  widens  out,  and,  at  Gogomanda,  is  a  wide  basin  full  of  Siwalik 

deposits.    Just  above  Gogomanda,  these  disappear  again,  and  the  river 

rushes  through  a  narrow  gorge  cut  through  steeply  dipping  beds  of 

limestone  and  slate  with  great  masses  of  intrusive  serpentine.  Similar 

rocks  continue  all  the  way  to  Ishpul  Baba.    Above  this,  slate  and  schist, 

with  serpentine  and  other  igneous  rocks,  extend  for  some  distance  up 

the  gorge,  when  they  give  place  to  gneiss  and  granite.    Towards  the 

head  of  the  gorge,  the  gneiss  and  granite  form  the  lower  slopes,  the 

hills  being  capped,  about  2,000  feet  above  the  river,  by  thick  beds 

of  limestone  belonging  to  the  Khingil  series.    Here  and  there  beds  of 

this  rock  have  been  brought  down  by  faults  and  run  in  almost  vertical 

bands  across  the  river,  but  as  a  rule  it  is  confined  to  the  hdl-tops. 
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From  Pul-i-Charki  to  Kabul  the  road  runs  partly  over  Siwalik  beds — 

current-bedded  sandstone,  conglomerate  and  clay— and  partly  over 

alluvium.  To  the  north,  the  metamorphic  rocks  of  the  Kabul  series 

crop  out  from  below  the  younger  deposits,  but  a  ridge  at  about  two  miles 

to  the  south-west  of  Pul-i-Charkhi  is  apparently  composed  of  limestone 

of  the  Khingil  series,  dipping  at  a  high  angle  to  the  north-east. 

From  Mr.  Griesbach's  description  of  the  road  over  the  Lataband  (10, 
23;  13,  69),  it  would  appear  that  the  rocks  met 

with  are  very  similar  to  those  of  Tangi  Gharu. 

The  Siwaliks  cover  the  greater  part  of  the  surface  to  the  east  of  the 

pass  and  I  am  indebted  to  the  courtesy  of  Dr.  W.  Saise,1  late  Superin- 

tendent of  the  East  Indian  Railway  Company's  collieries  in  Bengal,  for 
the  information  that  patches  of  carbonaceous  matter,  like  those  noticed 

in  the  Upper  Siwaliks  of  Khurd  Kabul,  occur  near  Barikab.  At  Seh 

Baba  there  are  large  masses  of  serpentine  associated  with  schist  and 

limestone.  The  rock  on  the  Lataband  is  limestone,  evidently  belonging 

to  the  Khingil  series.  It  extends  to  within  5-|  miles  of  Butkhak,  where 

it  is  replaced  by  red  Tertiary  conglomerate  resting  on  schist  and  gneiss. 

From  Butkhak  onwards  the  road  passes  chiefly  over  alluvium.  Ter- 

tiary beds,  however,  form  most  of  the  hillocks  between  Bagrami  and 

Kabul.  At  Siah-sang,  just  beside  the  road,  a  small  patch  of  the 

Kabul  crystalline  series  crops  out  from  below  the  younger  rocks. 

Nothing  is  known  of  the  geology  of  the  country  along  the  third 

Tezin  and  Khurd  route  between  Jagdallak  and  the  Haft  Kotal,  but 

Kabu1,  viewed  from  a  distance  the  ranges  of  Tezin  appear  to 
be  formed  of  limestone,  which  may  either  belong  to  the  Khingil  series 

or  may  be  Cretaceous.  West  of  the  Haft  Kotal,  the  open  country  as 

far  as  Khurd  Kabul  is  covered  almost  entirely  by  younger  Tertiarv 

deposits.  At  Tangi  Tarakki,  about  four  miles  to  the  east  of  Khurd 

Kabul,  these  deposits  consist  of  soft  shales,  often  carbonaceous,  with 

creamy  white  marls  and  thick  beds  of  conglomerate.    All  these  appear 

1  The  services  of  Dr.  Saise  were  recently  engaged  by  the  Amir  for  the  investiga- 
tion of  certain  supposed  coal  seams  on  the  Lataband  and  in  the  Ghorband  valley. 
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to  belong  to  the  Upper  Siwaliks.  Near  Tangi  Tarakki,  the  Kabul  road 

skirts  the  high  hill  shown  on  our  maps  as  "  Khurd  Kabul"  (11,143  feet). 
The  base  of  this  consists  of  gneiss,  schist  and  intrusive  basic  igneous 

rocks,  which  dip  at  high  angles  to  the  south-west,  and  are  overlain 

with  marked  unconformity  by  the  limestones  of  the  Khingil  series. 

The  intrusive  igneous  rocks  are  apparently  confined  to  the  crystalline 

series  and  have  not  been  found  to  extend  up  into  the  overlying  lime- 
stones. The  road  to  Kabul  via  Butkhak  skirts  the  southern  and  western 

sides  of  this  hill,  and  affords  a  fine  view  of  the  striking  unconformity. 

At  the  northern  end  of  the  gorge  known  as  the  Khurd  Kabul  pass, 

the  crystalline  rocks  give  place  to  Upper  Tertiary  beds,  and  at  Butkhak 

the  road  joins  the  Lataband- Kabul  track. 

Koh  i  Daman  and  Ghorband. 

The  hills  separating  Kabul  from  the  broad  valley  of  Koh-i-Daman 

consist  of  the  gneisses  and  schists  of  the  crystalline  series.  To  the 

north  of  Kabul,  the  chaman  is  skirted  on  its  further  side  by  a  ridge 

of  the  same  series ;  where  the  road  crosses  the  Paimunar  Kotal, 

the  rocks  exposed  are  gneissose  granite  with  pegmatite  and  dykes  of 

basalt.  These  are  found  again  in  the  hills  to  the  north  of  Kala-i-Haji 

and  along  the  range  running  from  south  to  north  along  the  eastern  side 

of  the  Istalif  valley,  where  they  are  associated  with  mica-schist.  The 

western  flanks  of  the  same  range  are  covered  with  soft  sand  and  pebble- 

beds,  which  may  represent  the  Siwaliks,  but  are  softer  and  less  coherent 
than  the  beds  of  that  series  in  other  localities. 

At  the  northern  end  of  the  Koh-i-Daman,  the  Paghman  range  merges 

Parwan  and  *n^°    ̂ he  Hindu   Kush,  and    the   gneissose  granite 

Jabl=us=Siraj.  0f  ̂ e  former  becomes  replaced  by  the  limestone, 
hematite  and  graphitic  slates  of  the  Kalu  and  Hajigak  series.  Behind 

Jabl-us-SiraVj,  and  to  the  north  of  the  Salang  river,  the  hills  are  formed 

of  hematite  and  a  reddish,  probably  dolomitic,  limestone.  The  hema- 

tite occurs  partly  as  a  bed  of  soft  earthy  material  with  masses  of  mica- 

ceous iron-ore.  Behind  the  outer  ridge  harder  masses  of  the  hematite 

are  found  embedded  in  the  limestone,  which  is  quite  crystalline  and  of 
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various  colours,  including  white,  grey  and  red.  With  it  are  associated 

quartzite  and  some  slightly  schistose  slate.  These  rocks  form  the  high 

hill — Takht-i-Marwan — behind  Jabl-us-Siraj  ;  on  the  top  of  this  hill 

and  on  its  northern  and  western  flanks,  the  sedimentary  beds  are  pene- 

trated by  bands  of  schorl- granite,  which  is  no  doubt  accountable  for 
the  local  metamorphism. 

The  mutual  relationships  of  the  hematite  and  limestone  are  here 

Ashawa  and         vevJ  00scureJ  the  one  sometimes  replacing  the  other 

Kaoshan.  quite  unexpectedly.    This  might  perhaps  be  attri- 
buted to  chemical  replacement  of  the  limestone  by  hematite,  but  I  am 

more  disposed  to  assign  it  to  irregularity  of  outcrop  consequent  on  the 

extraordinary  contortion,  probably  combined  with  overthrusting,  that 

the  beds  have  undergone  all  through  this  part  of  the  Hindu  Kush.  A 

good  example  of  the  prevalent  type  of  folding  is  seen  on  a  spur  run- 

Fig.  5. 

Folds  in  the  Kalu.  series  near  Jabl-us-Siraj. 

ning  down  towards  the  plain  between  the  Salang  and  Ghorband  rivers 

(see  fig.  5).  At  Matak,  at  the  mouth  of  the  Ghorband  valley,  the 

rocks  on  either  side  of  the  gorge  are  at  first  dark  grey  gneiss  with 

porphyritic  felspar.  The  rock  often  has  a  curiously  conglomeratic 

aspect,  which  may  perhaps  be  due  to  the  effects  of  pressure  tending 

to  produce  an  autoclastic  conglomerate.  Immediately  above  the  gorge 

the  gneiss  is  replaced  by  graphitic  slate,  thin-bedded  limestone  and 
quartzite.  A  little  further  back  in  the  hills  the  hematite  bed  runs 

across  from  Ashawa  to  Parwan.  The  horizon  is  a  most  useful  one,  and 

can  be  traced  up  the  left  side  of  the  (ihorband  valley  almost  all  the  way 

to  Siah-gird.  Throughout  this  part  of  the  valley  the  lower  slopes  of  the 

Hindu  Kush  are  formed  of  the  Hajigak  series  —as  represented  by  the 
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hematite  and  associated  limestone — overlain  by  limestone,  often 

crystalline,  quartzite,  schist  and  slate.  For  some  seven  or  eight 

miles  up  the  Kaoshan  valley  opposite  Burj-i-Gul  Jan,  nothing  else  is 

seen;  I  was  unable  to  reach  the  cre-it  of  the  range,  but  it  is  almost 

certainly  composed  of  granite.  The  sedimentary  rocks  are  highly  me- 

tamorphosed and  suggestive  of  the  Archaean  group ;  for  a  long  time 

I  doubted  the  accuracy  of  Mr.  Griesbach's  suggestion  that  they  were  as 
young  as  Palaeozoic,  but  the  subsequent  discovery  of  the  hematite  bed 

and  its  associated  fossiliferous  limestone  on  the  Hajigak  Pass  converted 

me  to  this  view. 

The  Ghorband  valley  between  Matak  and  Siah-gird  appears  to  run 

Slah-gird  and         approximately  along  an  anticline,  but  it  is  difficult 
Waghzar.  to  correlate  the  beds  of  the  Pagdiman  range  on  the 

right  of  the  valley  with  those  of  the  Hindu  Kush.  Perhaps  the  diffi- 

culty is  due  to  the  fact  that  the  Paghman  rocks  have  been  less  highly 

metamorphosed,  but  it  is  possible  that  the  Tertiary  and  Recent  gravels 

that  rill  the  valley-bottom  hide  a  fault.  A.  traverse  up  the  valley  which 

comes  down  from  the  south-east  to  join  the  Ghorband  river  on  its 

right  bank  at  Siah-gird,  discloses  nothing  but  slate,  quartzite  and  some 
black  shale.  Slate  and  quartzite  are  the  prevailing  rocks  right  up  to 

the  snows  at  the  head  of  the  valley.  The  dip  is  usually  northerly  but 

occasionally  in  the  opposite  direction.  I  have  referred  these  beds  to 

the  Helniand  series,  but  their  true  stratigraphical  position  is  doubtful. 

On  the  opposite  side  of  the  valley,  in  the  Waghzar  ravine,  a  considerable 

thickness  of  dark  slate  and  quartzite  is  overlain  by  black  and  brightly 

coloured  shales  followed  by  red  limestone  ;  above  this  is  more  slate 

with  bands  of  red  and  grey  limestone.  The  latter  is  sometimes  almost 

entirely  composed  of  crinoid  stems,  which,  however,  are  crystalline  and 

quite  undeterminable.  Slates,  calc-schists  and  quartzites  seem  to  ex- 
tend from  VVaghzar  up  to  the  crest  of  the  Hindu  Kush,  where  they  are 

penetrated  and  absorbed  by  the  granite.  Metamorphism  is  everywhere 

most  pronounced,  and,  both  in  Waghzar  and  in  the  next  valley  to  the 

west    the  sedimentary  beds  are  invaded  by  igneous  rocks  including 
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serpentine  and  quartz-porphyry,  the  latter  probably  genetically  con- 

nected with  the  granite  of  the  Hindu  Kush. 

The  section  along  the  Kimchak  or  Deh-tang  valley  up  to  the  Cha- 

Kimchak  and  the  Cha-     hardar  pass  is  similar  to  that  iu  the  Waghzai 

hardar  Pass.  yaUej  .  ifj  hag  beeQ  described  by  Mr.  Griesbach 

(10,  22)  who  refers  to  this  part  of  the  Hindu  Kush  as  "  a  succession  of 

anticlinal  folds,  traversed  by  igneous  rocks."    The  metamorphism  of 
the  sedimentary  rocks  is  of  an  advanced  type,  and  they  consist  of 

endless  alternations  of  slate,  schist,  quartzite,  limestone  and  calc-schist. 

The  thickness  appears  to  be  very  great,  but  this  appearance  is  almost 

certainly  deceptive,  and  is  due  to  repetition  by  folding.    The  structure 

of  the  southern  slopes  of  the  Hindu  Kush  in  Ghorband  is  in  fact 

probably  an  elaboration  of  the  motif  illustrated   in  fig.  5  {supra, 

p.  47).    At  the  same  time  faulting  is  very  pronounced,  and  has  greatly 

complicated  the  structure. 

At  a  short  distance  above  Siah-gird  the  Ghorband  limestone  rises 
into  a  high  ridge  in  the  centre  of  the  valley,  and 

Faranjal  and  Lolinj.  . 
extends  nearly  to  Lolinj  on  the  one  side  and  up  to 

and  beyond  Faranjal  on  the  other.  Owing  to  the  shortness  of  my  stay 

in  the  neighbourhood,  I  was  unable  to  determine  the  relationship  of 

this  series  of  limestone  and  slate  to  the  other  rock  groups  of  the  Hindu 

Kush.  It  has  undergone  an  extraordinary  amount  of  disturbance.  It 

is  traversed  by  numerous  faults  both  at  Faranjal  and  in  the  hills  on  the 

opposite  side  of  the  valley,  great  masses  of  it  being  often  merely  lime- 

stone breccia.  In  Parsa  it  appears  to  be  below  the  Helmand  series, 

but  the  real  relations  of  the  two  groups  may  be  the  reverse  of  the 

apparent. 

On  the  southern  side  of  the  Ghorband  valley,  the  limestone  is  over- 

lain unconformably  by  the  (?  Tertiary)  shales, 
Faragard  and  Qaoparan. 

sandstones  and  conglomerates  of  Yakhdara,  Fara- 

gard and  Gaoparan  (Plate  8,  fig.  1).  Similar  deposits  occur  also  on  the 

left  side  of  the  valley,  and  cover  a  considerable  area  between  the 

Dehtang  stream  and  Faranjal  j  they  are  chiefly  conglomerate,  which 
E 
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is  often  bright  red,  and  pebbly  sandstone,  underlain  by  shale  and 

sandstone.    At  Faranjal  the  Gborband  limestone  is  faulted  and  brec- 

ciated,  and  at  about  half  a  mile  higher  up  the  valley,  there  is  a  large 

mass  of  intrusive  serpentine.    Thence  to  the  head  of  the  valley,  the 

limestone  continues  along  the  left  side,  whilst,  on  the  right,  it  is  to  a 

great  extent  covered  by  Tertiary  deposits.    Immense  masses  of  tbese 

fill  the  valley  of  the  Turkoman  dara  in  the  neighbourhood  of  Lolinj, 

and  extend  over  the  hills  on  the  east,  lying  unconformable  on  the  slate 

and  limestone  series.    They  consist  of  clay,  shale  and  conglomerate, 

and  must  be  at  least  2,000  feet  thick  ;  they  have  been  considerably 

disturbed,  and  sometimes  dip  at  angles  of  30°  and  over,  though  the 
general  effect  is  more  or  less  flat. 

At  the  head  of  the  Ghorband  valley,  limestone  extends  over  the 

southern  slopes  of  the  Hindu  Kush  and  probably 

The  Shibar  Pass.  ,  *  „    ,         .         1  J over  part  of  the  downs  of  the  Shibar  pass.  In 

crossing  the  pass,  I  did  not  follow  the  road,  but  went  up  the  Sangandao 

valley,  for  a  few  miles,  then  crossed  the  hills  westwards  and  joined  the 

road  again  near  the  western  foot  of  the  pass.    Looking  southward  from 

the  hills  above  the  pass  one  sees  a  broad  wind-gap  filled  apparently  with 

soft  Tertiary  clays  and  conglomerates  similar  to  those  of  Lolinj  in  the 

Turkoman  dara.    Behind  these,  again,  is  a  high  range  of  dark  rocks, 

the  continuation  of  the  Koh-i-Baba  where  it  merges  into  the  hills  of 
Ghorband  and  the  southern  flanks  of  the  Hindu  Kush.    The  rocks 

also  are  probably  the  continuation  of  those  of  the  Koh-i-Baba,  that  is  to 

say  of  the  Kalu  series,  with  the  hematite  bed  on  the  crest  of  the  range. 

On  the  north  of  the  Shibar  pass,  I  noticed  only  limestone ;  the  same 

rock  runs  westwards  into  the  Shumbal  valley,  and  the  road  to  Shumbal 

caravansarai  and  thence  to  Balula  passes  through  a  magnificent  gorge 

carved  out  of  the  steeply  dipping — often  vertical — beds  of  limestone 

(Plate  9) .    In  the  upper  part  of  the  gorge,  just  above  the  junction  of 

the  stream  from  the  pass  with  the  Shumbal  river,  the  limestone  cliffs  are 

honeycombed  with  pot-holes,  which  are  full  of  river  pebbles  but  are  many 

feet  above  the  present  stream  level.    Both  in  the  stream-bed  and  on 
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the  cliffs  on  either  side  of  the  valley,  large  blocks  of  a  coarse  conglo- 

merate can  be  seen  lying  about  up  to  three  hundred  feet  above  the 

present  valley-bottom.  The  rock  is  quite  indurated,  and  is  composed 

of  pebbles  of  gneiss,  slate  and  quartzite.  The  blocks  are  so  large  that 

one  would  not  expect  them  to  have  travelled  far,  yet  I  failed  to  find 

the  rock  in  situ  in  the  neighbourhood;  the  present  stream  is  quite 

insignificant,  and  certainly  could  not  have  transported  them,  and  ice 

suggests  itself  as  the  most  probable  agent  of  their  distribution.  It 
must  be  admitted  that  the  blocks  show  none  of  the  characteristic  effects 

of  glaciation,  but  the  ridge  behind  the  caravansarai  at  Shumbal  is 

exactly  like  a  moraine,  and  at  a  higher  elevation  one  would  not  hesitate 

to  regard  it  as  such.  The  only  undoubted  moraines  that  I  met  with 

in  this  area  were  near  the  top  of  the  Chahardar  pass  (13,900  feet), 

whilst  there  were  no  traces  of  glaciation  below  10,000  feet  in  the 

Dehtang  valley,  which  is  a  typical  V-shaped  river-valley.  When  one 

remembers,  however,  that  at  the  present  day  glaciers  descend  in  North- 

Western  Kashmir  to  about  8,000  feet,  their  existence  in  the  Shumbal 

valley  (about  9,000  feet)  at  no  very  distant  date  in  the  past  does  not 

seem  impossible. 

At  Shumbal  I  found,  for  the  first  time,  completely  determinable 

fossils ;  the  limestone  mass  on  the  south  of  the  road,  at  the  junction 

of  the  stream  from  the  Shibar  pass  with  the  Shumbal  river,  contains 

Fusulinida,  including  Fusulina  uralica  Krotow.  The  limestone  on 

the  northern  side  of  the  pass  is  presumably  the  continuation  of  this 

belt.    Among  Mr.  Griesbach's  collections  from  Afghanistan  I  found 

three  pieces  of  limestone  (-yjrj  and  n^p)  the  locality  of  which  was 

given  as  "  1  mile  west  of  Kala-i-Ali  Madat,  western  slope  of  Shibar 

pass."  I  did  not  discover  these  specimens  until  after  my  return  from 

Afghanistan,  and  I  have  not  been  able  to  identify  Ali  Madat's  house 
from  my  notes.  The  only  important  house  on  the  western  slopes  of  the 

pass,  however,  is  perhaps  a  little  less  than  a  mile  to  the  east  of  the  mouth 

of  the  Shumbal  gorge,  and  the  locality  in  question  is  probably  on  the 

belt  of  Fusulina  limestone  near  Shumbal.    The  specimens  are  rather 

J3  % 



/ 

52  IIAYDEN  :    GEOLOGY  OF  NORTHERN  AFGHANISTAN. 

puzzling,  for  only  one  of  them  is  Fusulina  limestone,  whilst  the  other  two 
are  full  of  nummulites  !  I  saw  no  trace  of  nummulitic  limestone  in  this 

neighbourhood,  but  it  is  of  course  possible  that  it  may  occur  to  the 

south  of  the  Shibar  pass.  This  does  not  seem  very  probable,  however, 

since  such  Tertiary  beds  as  have  been  observed  in  Ghorband  and  Bamian 

are  all  shales,  clays  and  conglomerates  of  estuarine  or  fluviatile  original 

and  probably  much  younger  than  nummulitic.  Perhaps  the  association 
of  the  two  different  rocks  under  one  number  was  due  to  accidental 

mixing  of  specimens. 

Bamian. 

From  Shumbal  the  Fusulina  limestone  extends  to  within  about  a 

Shumbal  to  Balula  and     mile  of  Balula.    It  is  rather  massive  above  and 

Topchi.  thin-bedded  below.    It  has  been  intensely  folded 
(Plate  9),  and  its  great  apparent  thickness  is  no  doubt  partly  due  to 

constant  repetition.  At  the  lower  end  of  the  gorge,  the  limestone 

contains  Schwagerina  princeps  Ehr.,  Neoschwagerina  craticulifera 

Schwager  and  N.  (Sumatrma)  anna  Volz.  At  about  a  mile  above 

Balula,  the  valley  opens  out  slightly,  and  the  prevailing  rock  is  crushed 
and  faulted  limestone  with  some  slate.  At  and  below  Balula  intrusive 

serpentine  occurs  in  great  quantity. 

Beyond  Balula  the  road  to  Bamian  turns  to  the  south,  and,  after 

passing  through  another  deep  gorge  which  traverses  the  Fusulina 

limestone,  emerges  at  Kaoshandas  on  to  a  belt  of  shale  and  conglo- 
merate. I  took  these  rocks  at  first  for  a  crushed  and  indurated  facies 

of  the  Tertiary  beds  of  Ghorband,  but  subsequent  acquaintance  with 

the  Red  Grit  and  plant-bearing  series  of  Saighan  has  left  little  doubt 

in  my  mind  that  the  Kaoshandas  beds  belong  to  these  series  and  not 

to  the  Tertiary ;  unfortunately  I  had  no  opportunity  of  revisiting  the 

area,  and  was  unable  to  verify  this.  The  conglomerate  extends  for  a 

considerable  distance  and  spreads  over  the  Kashka  pass ;  a  very  large 

percentage  of  the  component  pebbles  are  hematite,  derived  no  doubt 

from  the  hematite  bed  which,  towards  the  south,  is  not  far  off  in  the 

Koh-i-Baba. 
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The  same  series  continues  into  the  valley  of  the  Bamian  river,  and 

the  conglomerates  of  the  Red  Grit  series  extend  from  Kala-i-Zohak,  a 

picturesque  ruin  on  the  cliffs  ahove  the  right  bank,  to  Paimuri  at  the 

mouth  of  the  Kalu  gorge.  It  also  extends  up  the  right  bank  of  the  river 

for  some  miles,  and  is  overlain  on  the  northern  slopes  of  the  Kok-i-Baba 

by  the  Upper  Cretaceous  limestone. 

Below  Topchi  an  old  brecciated  limestone  is  found  on  the  left  bank 

of  the  river ;  it  is  more  or  less  crystalline  and  apparently  unfossiliferous  ; 

but  is  presumably  part  of  the  Fusulina  limestone  series.  It  is  similar  to 

the  grey  limestone  of  the  gorge  between  Bamian  and  Ak  Robat,  and  to 
the  Ghorband  limestone. 

About  1^  mile  above  Topchi,  the  centre  of  the  valley  is  occupied  by 

The  Bamian  valley  above  a  g10llP  °f  hills  of  grey  carbonaceous  shale  (the 

ToP£n '  Saighan  series)  overlain  by  the  Red  Grit  series  J 
this  is  associated  with  Cretaceous  limestone,  but  all  three  series  have  been 

greatly  disturbed,  and  are  jumbled  together  in  inextricable  confusion. 

To  the  north  of  this  locality,  the  hills  on  the  left  side  of  the  valley 

contain  lark  limestones,  occasionally  containing  Fusulina,  infolded  with 

and  Lnterfaulted  among  the  Saighan  and  Red  Grit  series.  The  structure 

of  this  area  is  extraordinarily  complicated,  and  might  be  compared  to 

that  of  a  gigantic  fault-breccia.  Similar  conditions,  due  no  doubt  to 

overthrusts,  prevail  in  parts  of  Ghorband  and  in  lower  Saighan. 

The  upper  part  of  the  Bamian  valley  is  filled  by  soft  fluviatile  clays 
and  argillaceous  conglomerates,  all  of  which  are 

The  Koh-i-Baba.  _      _  __        "  . 
presumably  ox  Upper  lertiary  age  (PI.  10). 1  They 

lie  almost  horizontal,  and  extend  up  tbe  flanks  of  the  Koh-i-Baba  on  the 

one  side  and  of  the  Koh-i-Ghandak  on  the  other.    The  main  mass  of  the 

Koh-i-Baba  is  formed  of  slate  and  quartzite — probably  the  continuation 

1  Mr.  Griesbach  states  that  these  beds  include  members  of  the  whole  Teitiary 
system  as  developed  in  Kahmard  and  Afghan  Turkistan.  When  he  passed  through 
Bamian,  however,  he  was  suffering  from  an  attack  of  malaria  and,  being  unable  to 
examine  the  valley  personally,  was  dependent  for  his  information  on  tbe  observations 
of  fellow-travellers  who  were  perhaps  not  expert  geologists.  I  could  find  nothing 
resembling  the  eocene  of  Kahmard. 
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of  the  Kalu  and  Helmand  series — with  a  certain  amount  of  granite, 

which,  however,  is  chiefly  confined  to  the  higher  peaks.  Between  this 

backbone  of  old  rocks  and  the  Tertiary  deposits  on  the  flanks  of  the 

range,  there  is  a  strip  of  Mesozoic  beds,  consisting  chiefly  of  Cretaceous 

limestone  with  here  and  there  a  patch  of  the  lied  Grit  series  cropping  out 

from  below.  These  are  separated  from  the  slates  and  quartzites  by  a  fault 

which  appears  to  run  all  along  the  northern  side  of  the  Koh-i-Baba  in 

Bamian.  It  has  been  met  with  behind  Koh-girdak  (6  miles  S.  S.  W.  of 

Taibnt),  again  in  the  upper  reaches  of  the  Chapdara  a  little  further  to 

the  east,  and  also  on  the  northern  side  of  the  belt  of  gneiss  at  the  mouth 

of  the  Paimuri  gorge.  It  probably  continues  eastward  to  Irak  and 

possibly  across  the  Shibar  pass  into  Ghorband.  This,  however,  is  onlv  a 

suggestion,  as  we  know  nothing  of  the  higher  hills  between  Paimuri  and 
Shumbal. 

On  the  left  side  of  the  Bamian  valley,  the  Tertiary  beds  cover  the 

Khwajagar  and  greater  part  of  the  southern  flanks  of  the  Koh- 

Koh-i-Qhandak.  {.Qhandak  on  the  north  of  Taibut.     They  are 
never  very  thick,  probably  not  more  than  a  few  hundred  feet,  as  the 

underlying  rocks,  on  all  of  which  they  lie  unconformably,  frequently 

crop  out  more  or  less  unexpectedly.  A  few  miles  above  Taibut,  the 

Cretaceous  limestone  appears  to  spread  over  the  flanks  of  the  hills 

all  along  the  left  side  of  the  valley,  and  never  to  be  very  far  below 

the  surface.  At  about  two  miles  to  the  north-east  of  Taibut,  in  the 

Khwajagar  ravine,  erosion  has  laid  bare  the  underlying  rocks  which  are 

chiefly  hard  dark  limestone  with  a  little  slate.  The  limestone  is  like 

that  in  the  gorge  above  Ziarat  Chashma  Shafan,  between  Bamian  and 

Ak  Robat,  and  is  overlain  by  Fusulina  limestone  similar  to  that  of  the 

Shumbal-Balula  section.  The  latter  rock  is  well  seen  at  about  4  miles 

above  the  mouth  of  the  valley.  Fmulina  are  very  plentiful,  and 

almost  every  boulder  or  pebble  lying  in  the  valley-bottom  is  full  of 

them.  A  very  conspicuous  and  common  species  is  F.  elongata  Shumard, 

which  is  found  at  the  point  marked  1  on  Plate  8,  fig.  2.  Above  this 

is  the  brachiopod    horizon  (supra,  p.  27)  and  some  distance  above 
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this  again  are  high  cliffs  of  massive  light  grey  limestone  full  of 

Neoschwageriua  primigena  Hayden.  I  do  not  know  what  overlies 

these  beds,  as  I  was  unable  to  visit  the  top  of  Koh-i-Ghandak,  but  they 

are  probably  covered  uneonformably  by  the  Upper  Cretaceous  limestone, 

which  spreads  out  towards  the  west  and  comes  down  into  the  Bamian 

Fasulina 
Limestone 

Fig.  6. 

Probable  section  across  the  Bamian  valley  between  Taibut  and  Ziavat  Chasbnia 
Shafan. 

valley  at  a  few  miles  above  Taibut.  Above  Ziarat  Chashma  Shafan, 

it  overlaps  dark  slatas  which  lie,  apparently  conformably,  on  the 

massive  dark  grey  limestone  of  the  gorge.  In  the  gorge  and  at  the 

upper  end  of  it,  it  overlaps  first  the  massive  limestone  and  then  the 

underlying  slates  and  quartzites.  At  the  foot 

of  the  ascent  to  Ak  Robat  Kotal  the  rocks  under- 

lying the  Upper  Cretaceous  beds  are  chiefly  dark  limestone,  which, 

higher  up  on  the  pass,  contains  crinoid  stems  and  fragments  of  Fusulina. 

To  the  west  of  this,  the  principal  rocks  are  members  of  a  group  of 

basic  igneous  intrusions,  of  which  serpentine  is  the  predominant  type  ; 

these  continue  far  up  the  valley  towards  the  Kotal-i-Chap  Kolak  and 

along"  the  new  road  to  Ak  Robat. 

The  rocks  of  the  gorge  between  the  ziarat1  and  Ak  Robat  were 
described  by  Mr.  Griesbach  in  some  detail  (9,  240).  The  lower 

end  of  the  gorge  is  cut  through  a  dark  massive  limestone  in  which 

he  noticed  indeterminable  casts  of  brachiopods.  He  regarded  the 

limestone  as  older  than  the  quartzites,  grits  and  slates  which  form 

the  sides  of  the  upper  part  of  the  gorge  as  far  as  the  southern 

1  Ziarat,  a  Mahomedan  shrine. 
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foot  of  the  Ak  Robat  Kotal.  The  conditions  here  are  rather  ob- 

scure and  all  the  rocks  much  disturbed,  but  the  general  dip  between 
the  Kotal  and  the  massive  limestone  of  the  lower  end  of  the  gorge 

is  south-easterly  and  I  believe  that  the  limestone  overlies  the  grits 
and  the  quartzites.  Taking  the  section  in  what  I  regard  as  ascend- 

ing order  and  starting  from  the  only  horizon  in  which  deter- 

minable fossils  have  been  found,  riz.,  the  Fusulina-bearing  crinoid 

limestone  of  Ak  Kobat  Kotal,  we  find  this  limestone,  which  is  a  dark 

schistose  rock,  cropping  out  on  the  descent  from  the  top  of  the  pass 

towards  Bamiin.  Similar  limestone  occurs  again  lower  down  in  the 

main  valley  at  the  foot  of  the  pass  and  is  overlain  by  a  thick  series 

of  slate,  quartzite  and  grit,  much  folded,  but  dipping  in  the  main  at 

high  angles  to  the  south-east.  At  the  lower  end  of  the  gorge  this  is 

overlain  by  massive  limestone  through  which  the  river  rushes  in  a 

narrow  channel  between  high  vertical  cliffs.  The  latter  limestone  is 

the  rock  in  which  Mr.  Griesbach  noticed  remains  of  brachiopods.  It 

is  to  a  large  exteat  crystalline  and  is  penetrated  by  a  network  of  fine 

veins  of  white  calcite  which  has  presumablv  been  deposited  alonff 
planes  of  fracture.  Numerous  small  lenticular  bodies  scattered 

throughout  the  rock  are  very  suggestive  of  Fujitlina.  but  their  struc- 

ture has  been  so  obscured  by  metamorphism  that  I  have  not  been  able 
to  confirm  this. 

Between  the  top  of  the  Ak  Robat  Kotal  and  the  southern  foot  of 

the  Kotal-i-Katar  sum1  I  have  no  observations, Ak  Robat  to  Saraiak. 
but  where  the  road  to  Saighan  finally  leaves  the 

valley  above  the  caravansarai,  beds  of  crystalline  limestone  and  slate, 

the  former  containing  pebbles  of  quartz,  flint  and  chert,  dip  to  the 

south  and  overlie  grit,  conglomerate  and  quartzite  which  extend  up 

to  the  top  of  the  pass.  All  these  have  at  first  a  southerly  dip  but  the 

crest  of  the  range  is  an  anticline  and  on  the  northern  slopes  the  beds 

dip  away  towards  the  valley  of  Saighan.  I  include  the  crystalline 

limestone  just  mentioned  in  the  Fusulina  Limestone  series. 

1  TLis  is  the  name  employed  en  our  maps.    Mr.  Griesbach  refers  to  this  pass  as 
the  northern  Ak  Robat. 
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Saighan  and  Kahmard. 

Tlic  cap  of  Cretaceous  limestone  which  apparently  covers  Koh-i- 
Ghandak  does  not  extend  as  far  westwards  as  the  Kotal-i-Katar 

sum.  Intrusive  igneous  rocks  are  plentiful  and  may  belong-  to  the 
group  so  largely  developed  in  the  valley  below  the  village  of  Ak 

Robat.  To  the  north  of  the  pass  the  rocks  are  quartzite,  slate,  phyllite 

and  graphitic  slate  and  schist  which  I  refer  to  the  Helmand  series. 

At  a  few  miles  below  the  pass  a  belt  of  granite  interrupts  the  sedi- 

mentary sequence  and  extends  to  below  Sokhta  Chinar.  Beyond  this 

and  not  far  from  Saraiak,  the  sedimentary  rocks  re-appear  and  consist 

of  quartzite  and  slate  ;  they  are  followed  by  gneiss  and  serpentine,  the 

former  being  perhaps  a  product  of  the  metamorphism  of  the  arena- 

ceous members  of  the  Helmand  series  by  the  basic  intrusions.  Con- 

spicuous masses  of  crystalline  limestone  can  be  seen  high  up  on  the  hills 

to  the  west  of  Sokhta  Chinar  ;  they  include  many  varieties,  some 

white  and  coarsely  crystalline,  others  fine-grained  saccharoid  marble, 

either  white  or  dark  grey.  I  believe  these  to  be  the  representatives  of 

the  Fusulina  limestone  series  of  Ak  Robat,  the  advanced  stage  of 

alteration  being  due  to  the  intrusive  granite. 

Below  Sokhta  Chinar  the  hills  on  the  right  side  of  the  valley  are 

capped  by  Cretaceous  limestone  and  Tertiary  conglomerate,  lying  in 

almost  horizontal  beds  and  with  striking  unconformity  on  the  old 

slates  (Plate  7).  The  slate  series  is  presumably  that  termed  by 

Mr.  Griesbach  the  '*  anthracite  group  "  of  Saighan  and  regarded  by 
him  as  Permo-Triassic.  I  have  referred  it  to  the  Helmand  series  which 

I  class  tentatively  as  Carboniferous.  Mr.  Griesbach  regarded  it  as 

younger  than  the  massive  limestone  of  the  gorge  below  Ak  Robat,  and 

consequently  referred  it  to  the  Permian  and  Lower  Trias.  His  inter- 

pretation of  the  section  between  Bamian  and  Saighan  is  in  fact  exactly 

the  reverse  of  mine.  His  observations  were  made  under  very  trying 

circumstances  (see  footnote  to  page  53)  to  which  must  be  attributed  his 

impression  that  the  beds  on  the  south  of  the  Ak  Robat  Kotal  were 

dipping  steadily  to  the  north-west.    If  such  were  the  dip,  the  relative 



58 HAYDEN  :    GEOLOGY  OF  NORTHERN  AFGHANISTAN. 

stratigraphical  positions  of  the  Fusulina  limestone  and  his  "  anthracite 

group  "  would  undoubtedly  be  such  as  he  assumes,  but  I  passed  through 
the  gorge  twice  and  examined  the  section  carefully   in  this  respect. 

The  prevailing  dip  is  certainly  south-easterly,  and  unless  there  is  either 
inversion  or  overthrust,  of  which  I  have  no  evidence,  the  limestone  of 

the  lower  end  of  the  gorge  must  be  younger  than  the  slates  and  quart- 

zites  which  underlie  it.    The  graphitic  character  of  the  series  is  very 

conspicuous  on  the  right  side  of  the  Saighan  valley  just  above  Saraiak, 

where  the  rock  is  a  graphitic  schist.    I  found  nothing,  however,  that 

seemed  to  suggest  anthracite  or  other  combustible  material. 

At  Saraiak,  the  Cretaceous  beds  come  down  into,   and  spread 

„  ,  .  across,  the  vallev,  and  abut  against  the  6hales  of 
Upper  Saighan.  \  /  ™ 

the  Saighan  series ;  the  junction  is  a  thrust-plane 

connected  with  a  recumbent  fold  which  runs  all  along  the  northern 

side  of  the  valley  (see  Plates  5  and  11).    Above   Saraiak  the  valley 

N.E.  S.W. 

Fig.  7. 

Section  across  Saighan  valley,  near  Deh  Imam, 

opens  out  into  a  wide  basin,  and  is  filled  with  Upper.  Tertiary 

deposits  which  lie  unconformably  against  the  Cretaceous  limestone 

and  Saighan  series  on  the  left,  and  on  the  right  spread  far  up  on  to 

the  hills  above  Sokhta  Chinar.  At  about  a  mile  below  Deh  Imam 

and  on  the  same  side  of  the  river,  the  Cretaceous  beds  dip  steeply  down 

into  the  valley,  and  are  overlain  unconformably  by  a  mass  of  hori- 

zontal Tertiary  deposits  lying  in  a  bay  in  the  eroded  Cretaceous  out- 

crop. The  Tertiary  beds  are  much  thicker  here  than  in  Bamian,  their 

total  thickness  being  probably  2,000  feet  at  least.    They  consist  chiefly 
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of  conglomerate  underlain  by  a  curious  calcareous  rock  resembling 

travertine,  whicb  latter  is  found  on  the  southern  side  of  the  Kotal-i- 

Kabuchi  and  for  some  miles  up  the  valley  of  Sayad  Baba.  In  the 

latter  locality  it  occurs  in  thick  masses  associated  with  con- 

glomerates and  pebble-beds.  It  appears  to  be  a  purely  local  develop- 

ment of  the  Upper  Tertiary  sub-aerial  facies.  J ust  below  the  junction 

of  the  valleys  of  the  Ao  dara  and  Begal,  these  beds  overlie  bright 

red  conglomerate  which  is  presumably  the  equivalent  of  the  red  Upper 

Tertiary  conglomerates  of  Banak  and  Madar  in  Kahmard  {infra,  p. 

67).  In  Sayad  Baba  the  junction  between  the  Tertiary  and  older 

rocks  is  a  fault  which  runs  from  E.  by  N.  to  W. 

Sayad  Baba  ^  <^    Beyond  this  fault,  the  hills  on  the  left 
side  of  the  valleys  of  Begal  and  Sayad  Baba  are  composed  of  dark 

slates  with  ash-beds  and  volcanic  breccias  capped  by  Cretaceous  lime- 

stone. The  lower  beds  are  evidently  the  Doab  series ;  they  are  very 

variable  in  thickness,  being  as  much  as  1,000  feet  thick  in  Begal 

opposite  the  mouth  of  the  Ao  dara,  but  much  thinner  in  the  neighbour- 

hood of  Khargin  dara.  In  the  latter  locality  and  on  the  hills  between 

Begal  and  Dara  Hech,  the  Saighan  series  appears  between  the  Doab 

volcanics  and  the  Cretaceous  limestone ;  it  is  thickest  on  the  east, 

4,  Cretaceous  limestone.  2,  Doab  series. 
3,  Saighan  series.  1,  (?)  Fusulina  limestone. 

a,  white  basal  bed  of  Saighan  series. 
Fig.  8. 

Sections  on  the  left  side  of  Khargin  valley ;    A,  i  mile  above  the  mouth  ; 

B,  l\  mile  above  the  mouth  ;    C,  2  miles  above  the  mouth. 
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rapidly  thinning  out  westwards  and  southwards  and  dying  out  altogether 

in  Khargin  dara  at  about  two  miles  above  the  junction  of  this  valley 

with  Begal  (Plate  12).    Figure  8  shows  the  conditions  prevailing  at 

different  points  in  that  valley.    It  will  be  seen  that  the  Doab  series, 

like  the  Saighan  series,  also  thins  out,  and  is  completely  overlapped  by 
the  Cretaceous  limestone. 

In  the  Begal  valley,  at  about  a  mile  above  the  mouth  of  Khargin 

dara,  a  conglomerate  occurs  some  little  way  up  in 
Begal  and  Kbargin.  . 

the  Doab  series  and  extends  into  Khargin  dara  ; 

its  thickness  is  very  variable,  sometimes  dwindling  from  fifteen  or 

twenty  feet  to  a  few  inches.  Possibly  it  is  an  old  river  conglo- 

merate. In  Khargin  dara  it  overlaps  the  lower  beds  of  the  Doab  series 

and  lies  on  a  massive  grey  saccharoid  limestone  occurring  in  thick  beds 

and  resembling  the  limestone  associated  with  the  slate  and  graphitic 

schist  series  in  the  hills  between  Saighan  and  Bamian  j  both  are  like 

the  limestones  of  Ak  Robat  and  Ghorband,  with  which  I  have  classed 

them.  A  little  way  up  Khargin  dara,  the  conglomerate  is  composed 

of  rounded  and  angular  blocks  of  all  sizes  from  small  pebbles  up  to 

masses,  two  feet  long,  of  the  underlying  limestone.  Except  where  the 

conglomerate  lies  immediately  on  the  limestone,  the  latter  rock  has  not 

been  observed  among  the  pebbles,  which  consist  chiefly  of  quartz  and 

various  siliceous  rocks,  and  are  usually  about  the  size  of  a  hen's  egg. 

In  Khargin  dara  and  Begal,  there  are  thus  two  distinct  overlaps, 

one  by  the  conglomerate  of  the  Doab  series  and  the  other  by  the  Upper 

Cretaceous  limestone  (Plate  13).  Each  of  these  oversteps  all  older  beds 

down  to  the  grey  limestone.  On  the  other  hand,  there  is  no  trace 

here  of  the  unconformity  noticed  in  lower  Saighan  between  the  Saighan 

beds  and  the  Doab  series,  the  passage  from  the  dark  shaly  beds  of  the 

latter  into  the  white  sandstone  and  shale  at  the  base  of  the  former  being 

seemingly  perfectly  normal.  This  section  certainly  suggests  the  asso- 
ciation in  time  of  the  Doab  series  with  the  Saighan  series  rather  than  with 

the  Fusulina  limestone  and  therefore  offers  important  evidence  against 

the  correlation  of  the  volcanics  of  Saighan  with  those  of  Darwaz. 
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In  Ao  dara  the  Doab  series  consists  of  volcanic  ash,  breccia  and 

beds  of  trap.  It  is  overlain  to  the  north  by  the  Upper  Cretaceous 

limestone,  and  to  the  south  is  replaced  by  the  grey  saccharoid  limestone, 

which  is  locally  seamed  with  black  basaltic  dykes. 

Turning  now  to  lower  Saighan,  the  rocks  in  the  valley  below 

Saraiak  are  greatly  disturbed.  On  the  left  side 

of  the  valley  at  Delchi,  the  plant-bearing  series  is 

very  conspicuous  (Plate  11).  It  consists  of  dark  shales  with  many 

well  preserved  fossil  plants  and  some  insignificant  coal-seams.  The 

lowest  bed  seen  here  is  Cretaceous  limestone  dipping  under  the  Saighan 

series  along  the  overthrust  already  referred  to  {supra,  p.  58).  At  a 

short  distance  below  Delchi  a  bed  of  conglomerate  belonging  to  the 

Doab  series  occupies  the  centre  of  the  valley  and,  being  harder  than  the 

neighbouring  rocks,  has  retarded  the  erosive  action  of  the  river  ;  the 

result  has  been  the  formation  of  a  narrow  gorge  with  precipitous  sides. 

On  the  right  side  of  this  gorge,  the  old  slate  and  schist  series  is  over- 

lain unconformably  by  the  Doab  conglomerate  and  this  again  on  both 

sides  of  the  gorge  is  capped,  also  unconformably,  by  the  Upper  Creta- 

ceous limestone  (see  Plate  14).  On  the  hills  on  the  right  side  of  the 

valley,  the  Cretaceous  limestone  is  covered  by  horizontal  beds  of  con- 

glomerate, presumably  of  Upper  Tertiary  age. 

Below  the  Delchi  gorge,  the  valley  rapidly  widens  again.  It  has 

been  eroded  out  of  the  soft  shales  of  the  plant-bearing  series  which  is 

very  conspicuous  below  Khwajaganj,  on  the  slopes  below  the  Kotal-i- 

nalifarsh.  Here  the  river  takes  a  sudden  turn  to  the  right  and  again 

cuts  its  way  through  the  conglomerate  and  shale  of  the  Doab  series, 

which  is  replaced,  below  Baiani,  by  schist  and  gneiss,  presumably  the 

easterly  extension  of  the  graphitic  series  of  Saraiak.  At  Bagh-i-Haibak 

there  is  an  extensive  development  of  the  volcanic  beds  of  the  Doab 

series  which  is  probably  continuous  along  the  gorge  of  the  river  down 

to  Doab-i-Mekhzarin. 

The  valley  of  the  Surkhab  below  Doab  is  clearly  the  structural 

continuation  of  lower  Saighan,   and  the  same  rock-series  continue 
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north-eastwards  under  the  Kotal-i-Kalich  and  on  towards  Barfak,  Tala 

and  the  valley  of  the  Andarab.  The  chief  difference  between  the 

stratigraphical  sequence  in  Saighan  and  that  found  in  the  more  easterly 

area  is  the  thinning  out  and  disappearance  of  the  Red  Grit  series  in 

Saighan.  In  the  valley  of  the  Kahmard  river,  between  Dasht-i-Safed 

and  Doab,  and  eastwards  as  far  as  Tala,  this  series  is  between  one  and 

two  thousand  feet  thick.  To  the  west  of  the  Kotal-i-Kalich,  however,  it 

gradually  begins  to  thin  out,  and  on  the  hillsides  above  Khwajaganj, 

it  disappears  altogether,  the  Cretaceous  limestone  overlapping  on  to  the 

Saighan  series. 

Throughout  lower  Saighan  the  junction  of  the  Doab  and  Saighan 

series  is  obscured  by  horizontal  deposits  of  Upper  Tertiary  age.  On 

the  right  side  of  the  valley  of  the  Kahmard  river,  however,  just 

opposite   the   village    of  Doab-i-Mekkzann,    dark    sandstones  and 
shales  of  the  Doab  series  are  found  dinning  to 

Doab=i-Mekhzarin.  rr  ° 
the  south  and  forming  a  low  arch  on  the  left 

bank  of  the  Saighan  river  (Ab-i-Saighan)  ;  on  the  north  they  are  over- 

lain by  the  Saighan  series  ;  the  nature  of  the  junction  was  not  clear, 

and  it  may  have  been  a  faulted  rather  than  an  unconformable  one.  On 

the  opposite  side  of  the  river,  at  Doab  village,  the  dark  sandstones  and 

shales  dip  to  the  north,  and  are  overlain  by  trap,  dykes  of  which  cut 

across  the  sedimentary  beds.  Here  the  junction  with  the  overlying 

Saighan  series  appears  to  be  a  conformable  one  ;  this  appearance,  how- 

ever, seems  to  be  due  merely  to  approximate  identity  of  dip  in  the  two 

series,  and  evidence  gathered  further  eastwards  between  Doab  and 

Ishpushta  points  to  the  presence  of  an  unconformity,  although  the 

Khargin  section  already  described  {supra,  p.  60)  indicates  that  this 

is  not  of  great  importance 

On  the  right  bank  of  the  Saighan  river,  a  short  distance  above  its 

junction  with  the  Kahmard  stream,  the  Doab  series  appears  to  lie 

unconformably  on  massive  limestone  which  occurs  in  considerable  thick- 

ness along  the  southern  side  of  the  river.  Unfortunately,  the  bridge 

over  the  Surkhab  had  been  swept  away  and  the  river  was  impassable. 
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I  was  therefore  unable  to  examine  what  may  bean  important  section. 

In  the  distance  the  limestone  resembled  that  of  Khargin,  and  perhaps 

the  section  here  is  analogous  ;  but  it  is  on  these  slopes  that  one  would 

expect  to  discover  the  true  relationship  between  the  Doab  series  and  the 

fossiliferous  beds  of  the  Fusulina  limestone.  Below  Doab-i-Mekhzarin, 

the  Doab  series,  with  much  volcanic  material,  extends  along  both  sides 

of  the  Surkkab  to  Barfak.  To  the  north  the  long  slope  up  to  the 

Cretaceous  scarp  is  composed  of  the  plant-bearing  and  Red  Grit  series 

(Plates  5  and  15).  A  good  section  of  the  whole  group  of  beds,  from 

Doab  series  to  Cretaceous,  is  found  in  the  small  valley  of  Ishpushta 

(fig.  9).    Here  dark  needle  shales,  with  some  arenaceous  layers,  are 

Fig  9. 

Section  near  Ishpushta  in  hills  N.W.  of  Kotal-i-Khaki. 

overlain  by  beds  of  grey  volcanic  ash.  Over  these  is  the  Saighan 

series,  at  the  base  of  which  there  is  a  bed  of  soft  white  rock  almost  a 

sandstone,  but  containing  a  considerable  amount  of  volcanic  material ; 

it  is  probably  an  ash  deposited  in  water.  This  is  succeeded  by  the 

characteristic  shales,  sandstones  and  conglomerates  of  the  Saighan 
series. 

Amongst  the  shales  of  the  Doab  series  there  are  beds  of  amygda- 

loidal  trap  and  numerous  dykes  ;  the  latter  extern  I  up  into  the  basal 
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beds  of  the  Saighan  series  which  have  been  locally  altered  to  slate  and 

limestone,  thus  proving  that  volcanic  activity  persisted  into  the  Jurassic 

period. 

The  Saighan  series  passes  up  through  conglomerate  into  the  Red 

Grit  series.    At    the   gorge  at  the  head  of  the 
Isbpushta.  .  . 

lshpushta  valley  the  following  section  is  found 

(in  descending  order)  :  — 

7.  Upper  Cretaceous  limestone. 

6.  Sandstone  with  beds  of  gypsum. 

5.  Conglomerate. 

4.  Bed  pisolitic  bed,  like  laterite. 

3.  Hard  red  limestone  with  Rudistse. 

2.  Red  sandstone. 

1.  Red  conglomerate. 

The  lowest  of  these  beds  is  the  typical  conglomerate,  of  which  the 

greater  part  of  the  Red  Grit  series  is  composed  ;  beds  2  to  4  are  the 

upper  part  of  the  same  series  and  indicate  merely  slight  modification  in 

the  conditions  of  deposition.    Bed  5,  however,  inaugurates  a  complete 

change  ;  the  remarkable  red  colour  disappears  and  the  conglomerate  and 

overlying  sandstone  and  gypsum  belong  to  the  Upper  Cretaceous 

limestone  (7)  rather  than  to  the  underlying  red  beds.    There  appears 

to  be  a  slight  hut  distinct  unconformity  at  the  base  of  the  conglomerate 

(5).    At  the  same  time  the  presence  of  Rudista  confirms  the  views 

already  expressed,  as  to  the  Cretaceous  age  of  the  Red  Grit  series. 

To  the  east  of  lshpushta,  the  Saighan  series  continues  over  the 

Kotal-i-Khaki  towards  Barfak,  eventuallv  dis- Barfak  and  Tala.  . 
appearing  under  the  recent  talus  tans  winch  cover 

the  valley -bottom  (Plates  15  and  16) .  The  lower  beds  have  been  altered 

by  dykes  from  the  underlying  volcanic  series.  Below  Barfak  on  the 

way  to  Tala  the  same  conditions  have  been  noticed  among  the  small 

hills  through  which  the  road  passes.    Tala  was  the  easterly  limit  of  my 
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tour,  but  the  Saighan  series  and  overlying  Red  Grits  and  Cretaceous 

beds  seem  to  persist  for  a  long  way  down  the  valley  and  probably  run 

through  Doshi  and  Khinjan  into  Andarab.  The  Red  Grit  series  forms 

a  conspicuous  hill  on  the  left  side  of  the  river  opposite  Barfak.  The 

beds  of  red  conglomerate  have  been  cut  into  vertical  cliffs,  which,  owing 

to  the  peculiar  character  of  the  jointing  of  the  rock,  might  easily  be 

mistaken  at  a  little  distance  for  beds  of  columnar  basalt  (see 

Plate  16). 

The  lower  hills  behind  (south  of)  Barfak  are  formed  of  the  Doab 

series  which  here  consists  of  dark  needle-shales,  sandstone  and  great 

masses  of  volcanic  ash.  The  ash,  which  is  grey  on  fresh  fracture  but 

weathers  white,  forms  thick  beds  between  the  shales.  On  the  left  side 

of  the  small  stream  to  the  south  of  the  village,  there  is  a  prominent 

peak,  which,  when  viewed  from  a  short  distance  away  appears  to  consist 

of  granite  but  is  in  reality  composed  of  volcanic  ash,  in  which  are 

embedded  blocks  of  all  sizes  up  to  six  inches  in  diameter  ;  these  appear 

to  be  lapilli  and  are  sometimes  almost  spherical,  sometimes  angular. 

The  bed  in  which  they  occur  is  about  200  feet  thick,  but  this  thickness 

appears  to  be  only  local.  In  the  hills  between  the  river  and  the  path 

to  Ishpushta,  there  is  a  good  exposure  of  the  junction  between  the  Doab 

and  Saighan  series.  The  base  of  the  latter  is  the  usual  white  sandy 

ash  ;  below  this  is  grey  ash  underlain  by  dark  needle-shale  like  a 

normal  shale  of  marine  origin.  This  part  of  the  series  contains  bands 

of  amygdaloidal  trap,  but  is  also  thickly  penetrated  by  dykes  of  dark 

grey  trap  and  a  fine-grained  white  felsitic  rock  which  extend  up  into 

the  lower  beds  of  the  Saighan  series.  For  convenience  the  white  sandy 

ash  has  been  adopted  as  the  basal  bed  of  the  Saighan  series  which  is 

remarkable  for  the  bright  colours  of  its  component  rocks,  whereas  all 

the  beds  below  the  white  ash  are  almost  invariably  dark. 

Above  Doab-i-Mekkzarm,  the  valley  of  the  Kahmard  river  is  wide 

where  it  passes  through  the  soft  beds  of  the 

Saighan  and  Red  Grit  series,  but  at  Tangi 

Muyak  the  stream  has  cut  a  narrow  gorge  across  the  steeply  dipping 
F 
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beds  of  Cretaceous  limestone.    Above  tbe  gorge,  the  valley  on  either 

side  of  Dasht-i-Safed  is  filled  with  Tertiary  beds  which  overlie  the 

Cretaceous  limestone  conformably  on  the  south,  but  on  the  north  have 

been  over-ridden  by  older  beds  along  a  thrust-plane  which  runs  across 

the  vallev  and  through  the  Dasht-i-Gazak  into  Begal  in  Upper  Saighan. 

Above  Dasht-i-Safed  the  rocks  met  with  belong  at  first  to  the  Red 
Grit  series,  but  at  a  short  distance  above  Andao,  there  is  another 

deep  gorge  through  the  Cretaceous  limestone.    Here  the  Kahmard 

river  turns  at  right  angles  to  its  former  course,  and  after  running 

from  Saripul  to  Bajgah  along  a  synclinal  trough  in  the  Cretaceous 

limestone,  suddenly  swings  round  and  cuts  its  way  out  across  the 

southern  limb  of  the  fold.    At  the  lower  end  of  the  gorge,  the  lime- 

stone is  full  of  fossils  ;  a  red  arenaceous  bed  is  particularly  prolific  and 

contains  Hippurites,  Gryphaa,   Exoggra,  Pecten,   Neithea,  Turritella 

and  many  other  lamellibranchs  and  gastropods.    Cyclolites  sp.  also 

occurs.     No  doubt  this  is  Mr.  Griesbach's  '  Exogyra  limestone/  Just 
above  the  gorge  the  prolongation  of  the  Kahmard  trough  contains  an 

assemblage  of  beds  similar  to  those  above  the  Cretaceous  limestone 

near  Dasht-i-Safed.    The  flaggy  calcareous  shales  are  the  same  and 

here  also  are  associated  with  gypsum  aud  sulphur,  but  the  latter  occur 

in  very  much  smaller  quantities. 

Kahmard  proper  is  a  long  narrow  valley  lying  along  a  fold  in  the 

,,  ,      .  Cretaceous  limestone :  the  northern  side  of  the Kahmard. 

valley  is  formed  by  a  recumbent  anticlinal  arch 

from  the  crest  of  which  the  younger  beds  have  been  removed,  allowing 

the  underlying  Red  Grit  series  to  crop  out  here  and  there.  The  south- 

ern side  is  a  great  bare  wall  of  rock  many  hundreds  of  feet  high  and 

sloping  at  an  angle  of  about  40°  from  the  edge  of  the  Dasht-i-Gazak 

down  to  the  river-bank  ;  so  closely  does  the  valley  follow  the  axis  of  the 

fold  that  for  long  distances  the  surface  of  this  wall  is  a  single  bed  of  the 

Cretaceous  limestone.  Plate  17  is  a  photograph  of  Bajgah  gorge  (Tangi 

Bajgah)  from  the  north.  Through  the  gorge  is  seen  the  sloping 
surface  of  the  Cretaceous  limestone  which  forms  the  southern  wall 
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of  the  valley ;  the  Kahmard  river  flows  between  it  and  the  gorge 

(fig.  10). 

Fig.  10. 

Section  through  the  Bajgah  anticline  and^Kahmard  valley,  near  Bajgah. 

At  the  upper  end  of  the  Kahmard  valley,  there  is  a  wide  amphi- 

theatre in  the  Cretaceous  rocks  filled  with  brilliantly  coloured  beds — 

white,  blue  and  red — representing  the  Tertiary  system.  On  the  right 

side  of  the  river  at  Banak,  concretionary  sandy  clays  with  thin  layers  of 

gypsum  are  overlain  by  limestone  similar  to  that  which  contains  sulphur 

at  Dasht-i-Safed.  Over  this  are  bright  red  conglomerate  and  sandstone, 

lying  unconformably  on  the  older  beds.  The  unconformity  is  well  seen 

at  the  base  of  the  Kotal-i-Dandan  Shikan,  where  the  red  conglomerate 

lies  with  marked  discordance  on  concretionary  blue  sandy  clay  which 

is  adopted  as  the  basal  bed  of  the  eocene. 

To  the  north-west  of  Kahmard  lies  Hajar,  a  narrow  valley  closed 

H  at  either-  end  by  a  magnificent  gorge  cut  through 
the  Cretaceous  limestone.  The  centre  of  the 

valley  lies  on  the  crest  of  an  anticline,  the  oldest  beds  exposed  being 

the  upper  part  of  the  Saighan  series  (fig.  11)  ;  the  sides  of  the  valley 

f  % 
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Fig.  11. 

Section  through  the  H&jar  valley. 

are  formed  of  the  Red  Grit  series  capped  by  the  Cretaceous  limestone 

(Plate  18). 

As  already  pointed  out,  the  lower  end  of  the  Kahmard  valley 

where  the  river  turns  sharply  to  the  south,  is  also 

filled  with  Tertiary  beds  similar  to  those  of  Dasht- 

i-Safed  and  Banak.  About  two  miles  above  the  bend  is  the  ruined  fort 

of  Bajgah1  and  here  a  deep  and  narrow  gorge  through  the  anticlinal  arch 
of  Cretaceous  limestone  connects  the  Kahmard  valley  with  Madar. 

Plate  17  is  reproduced  from  a  photograph  of  the  gorge  taken  from  the 

Madar  side  and  looking  into  Kahmard;  figures  10  and  12  show  the 

1  Mr.  Griesbach's  reference  (9,  256)  to  Captain  Hay's  discovery  of  eocene  fossils  at 
Bajgah  was  written  when  in  camp  and  when  he  was  unable  to  consult  the  original 
paper  (14,  1126),  which  merely  contains  a  few  sketches  made  by  Captain  Hay  of 
fossils  that  he  had  collected  at  and  near  Bajgah.  The  sketches  are  too  incomplete  to 
be  relied  on  for  more  than  an  approximate  generic  determination  of  the  fossils,  the 
majority  of  which  I  should  be  more  inclined  to  think  were  derived  from  the  Upper 
Cretaceous  beds  in  the  neighbourhood  of  Bajgah  Fort. 
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FiG.  12. 

Section  through  Tangi  Bajgah  and  southern  part  of  Madar  basin. 

structure  of  the  intervening  ridge.    The  Madar  valley  appears  to  be  a 

true  basin,  filled  with  Tertiary  beds  which  dip  inwards  on  all  sides  and 

overlie  the  surrounding  Cretaceous  limestone  conformably.    "Where  the 
road  issues  from  the  northern  end  of  the  Bajgah  gorge,  it  passes  on  to 

the  Tertiary  beds  and  runs  over  these  all  the  way  to  Madar.    In  the 

centre  of  the  valley,  at  a  short  distance  to  the  north  of  the  road,  there 

is  a  well-marked  unconformity,  and  the  red  Upper  Tertiary  conglomerate 

lies  on  the  eroded  edges  of  the  folded  Lower  Tertiary  beds.  Along 

the  northern  side  of  the  Tertiary  basin,  the  beds  are  well  exposed 

in  a  number  of  small  ridges.    The  Upper  Cretaceous  limestone  is  over- 

lain by  a  fine-grained  blui6h-grey  sandstone  with  pronounced  concre- 

tionary structure.    It  is  about  50  feet  thick,  and  contains  Ostrea  sp. 

collected  into  little  groups.    It  is  overlain  by  pale  bluish-grey  shale, 

weathering  almost  white  and  passing  up  into  sandstone  and  shale  ;  in 

appearance  the  bluish-grey  shale  resembles  the  calcareous  paper  shales 

or  marls  of  Dasht«i-Safed,  but  is  not  calcareous,  and  contains  no  sulphur. 

There  is  a  considerable  thickness  of  this  shale  which  is  overlain  by  red 

sandstone  with  bands  of  shale  containing  thin  layers    of  gypsum. 

This  is  followed  first  by  red  shale  and  clay,  and  then  — unconformable — 

by  the  Upper  Tertiary  red  conglomerate.    Throughout  this  area  there  is 

a  marked  contrast  between  the  degree  of  folding  of  the  beds  referred, 

respectively,  to  the  Lower  and  Upper  Tertiary.    The  former  have  shared 
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in  all  the  disturbances  to  which  the  underlying  Cretaceous  rocks  have 

been  subjected,  whereas  the  red  conglomerate  and  overlying  beds  are 

comparatively  little  disturbed.  For  this  reason  I  consider  that  the 

inter-Tertiary  unconformity  represents  a  very  considerable  time-interval. 

At  the  north-eastern  corner  of  the  Madar  basin,  the  road  to  Haibak 

leaves  the  Tertiary  beds  and,  skirting  a  magni- 

ficent dome  in  the  Cretaceous  limestone  (Plate  19), 

ascends,  first,  through  a  narrow  gorge  in  the  same  rock  ;  subsequently 

it  passes  over  some  small  outliers  of  the  Lower  Tertiary  beds,  to 

the  Kara  Kotal,  where  there  is  a  large  outcrop  of  dark  green  diabase. 

The  field  relations  of  this  rock  were  not  ascertained,  but  it  is  probably 

intrusive  among  the  Cretaceous  beds.  From  the  Kara  Kotal  the  Upper 

Cretaceous  limestone  extends  westwards  forming  the  high  snowy  ridge 

which  separates  Madar  and  Ilajar  from  Ao-Khorak.  On  the  north,  the 

Red  Grit  series  is  exposed  along  the  flanks  of  this  ridge,  and  extends 

down  into  the  Khorak  valley,  where  it  is  underlain  by  the  Saighan 

series.  The  latter  is  well  exposed  along  the  banks  of  the  stream,  and 

the  characteristic  fossil  plants  occur  in  some  profusion  in  shales  on  the 

left  bank  about  half  a  mile  below  the  small  village  of  Khorak-i-paian. 

The  hills  on  the  northern  side  are  capped  by  Cretaceous  limestone, 

which  lies  unconformably  on  the  Saighan  series,  and  descends  here  and 

there  into  the  valley ;  the  structural  conditions  are  rather  complicated, 

and  suggest  the  presence  of  an  overthrust. 

The  Saighan  series  extends  to  the  top  of  the  Kotal-i-Sabz  (vulg. 

Kotal-i-Saozak)  and  down  the  other  side  into  Chahil,  where  it  is  over- 

lain by  Cretaceous  limestone  and  underlain,  presumably,  by  the  beds 

with  Ualobia  sp.  (supra,  p.  31).  The  Kotal-i-Sabz  was  the  limit  of  my 

tour,  and  I  was  unfortunately  unable  to  visit  either  Chahil  or  Dara 

Yusuf.  From  Mr.  Griesback's  description  of  the  latter  area,  however,  it 
would  appear  that  the  sequence  in  this  part  of  Turkistan  is  different  to 

that  in  Saighan,  the  volcanic  element  of  the  Doab  series  being  appa- 

rently absent  to  the  north  of  the  Kara  Kotal.  The  base  of  the  Saighan 

series  is  not  exposed  in  Ao-Khorak. 
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The  Upper  Helmand  and  Kabul  Valleys. 

Reference  has  already  been  made  to  the  rocks  seen  in  the  mountains 

between   Bamian  and  the  Helmand  [supra,  pp. 

Paimurl  and  Kalu.        ̂ n   n_    k'  .         .  .  , 23,  25,  54).    The  Kalu  river,  rising  behind  the 

village  of  the  same  name,  in  the  snow-capped  granite  peaks  of  the 

Koh-i-Baba,  cuts  its  way  across  almost  the  whole  width  of  the  range, 

and  issuing  through    a  gorge   second  in    grandeur   only   to  Tangi 

Gharu,  joins  the  Bamian  river  at  Kala-i-Zohak.    For  the  last  two  miles 

of  its  course  it  runs  through  the  conglomerates  and  sandstones  of  the 

Bed  Grit  series.    "Where  it  issues  from  the  gorge  at  Paimuri,  it  passes 
under  two  natural  bridges  of  travertine  deposited  from  the  saline 

springs  which  rise  along  the  Koh-i-Baba  fault  [supra,  p.   51;  see  also 

20,  531).    The  gorge  itself  is   carved  through  the  Kalu  series  of 

gneiss,  quartzite  and  slate ;  it  is  about  a  mile  and  a  half  in  length,  and 

at  the  upper  end  was  formerly  blocked  by  a  landslip,  which  has  resulted 

in  the  checking  of  the  current  above  and  the  consequent  formation  of  a 

wide  valley  of  erosion  the  bottom  of  which  is  filled  with  river  deposits, 

through    which  the  river  meanders.    Above  this  '  chaman '  and  at 
about  two  miles  below  Kalu,  the  conglomerates  already  mentioned 

[supra,  p.  23)  are  seen  along  the  road   and   are  between  200  and 

300  feet  thick.    The  graphitic  schists  are  seen  in  the  hills  on  the  right 

side  of  the  river,  opposite  Kalu  caravansarai.    The  valley  here  is  strewn 

with  blocks  of  hematite  of  all  sizes,  which  have  been  derived  partly  from 

the  high  ridge  to  the  north-east,  and  partly  from  small  ridges  and 

outcrops  a  few  hundred  yards  away  to  the  south-east  and  south.  On 

the  way  up  to  the  Kotal-i-Hajigak,  the  fossiliferous  limestone  crops  out 
at  the  foot  of  the  pass  on  the  left  side  of  the  road, 

where  the  latter  meets  a  stream  flowing  down  from 

the  north.    It  appears  to  be  overlain  by  the  Helmand  series  of  slate  and 

quartzite.    All  the  beds  dip  more  or  less  steadily  to  the  south,  but  the 

structure  is  complicated  by  numerous  subsidiary  folds.    Limestone  crops 

out  again  on  the  north  side  of  the  pass  near  the  top  and  appears  to  dip 

to  the  north  but  lower  down  on  the  west  side  the  southerly  dip  is  quite 
clear. 
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On  the  east  of  the  Kotal-i-Hajigak  down  to  Kharzar,  the  prevailing 

rock  is  slate.    At  Kharzar  this  is  replaced  by  a 
Kharzar  and  Siah-sang.  .  . 

great  thickness  or  quart  zite,  which  has  the  shining 

black  surface  so  commonly  found  on  arenaceous  rocks  weathering  under 

desert  conditions  ;  it  exactly  resembles  hematite,  and  at  first  sight  one 

is  inclined  to  refer  all  the  tall  black  masses  of  rock  standing  out  so 

conspicuously  in  the  Helmand  valley  to  this  mineral ;  but  I  examined 

a  large  number  of  outcrops  and  in  not  a  single  case  did  those  east  of  the 

Kotal-i-Hajigak  prove  to  be  iron-ore. 

From  Kharzar  to  Siah-sang  there  is  a  monotonous  repetition  of  the 

same  rocks — quartzite  and  slate — all  the  way.  For  some  miles  below  Siah- 
sang  the  conditions  continue  much  the  same,  but  towards  the  Helmand 

signs  of  contact-metamorphism  begin  to  be  apparent;  the  slates  become 

silky  at  first,  then  are  phyllites,  and  subsequently  contain  considerable 

quantities  of  chiastolite.    Near  the  river  they  are 

^Gardan' Dtoal**  associated  with  grey  schistose  limestone  and  calc- 
schist,  and  on  the  east  of  the  river  between 

Gardan  Diwal  and  Jaokul,  the  series  has  become  definitely  a  highly 

metamorphic  one  composed  of  schist  and  crvstalline  limestone.  The 

limestone  is  very  conspicuous,  and  forms  a  belt  nearly  1,000  feet  broad. 

It  is  a  grey  saccharoid  rock  with  au gen  of  quartz  and  calcile,  which  may, 

perhaps,  be  the  remains  of  fossils  ;  some  of  the  fragments  of  quartz, 

however,  are  very  like  included  pebbles.  Part  of  this  limestone  belt 

consists  of  white  marble  with  graphite.  The  metamorphism  is  due  to 

biotite-granite  which  occurs  in  some  quantity  to  the  south  of  Jaokul. 

Between  Siah-sang  and  the  Helmand,  the  prevailing  dip  is  south- 

erly, but  northerly  dips  have  also  been  noticed  over  considerable  dis- 
tances, and  it  is  evident  that  the  whole  series  has  been  repeatedly  folded. 

To  the  south  of  Gardan  Diwal,  on  the  right  bank  of  the  river,  and 

again  in  the  valley  of  the  stream  which  passes  in  front  of  the  Jaokul 

caravansarai,  the  slates  are  chiefly  vertical. 

To  the  south-east  of  Jaokul,  similar  rocks  extend  to  the  Kotal-i- 
Unai,  which  lies  on  the  divide  between  the  Kabul  and  Helmand  river 
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basins.  A  dark  greenish  conglomerate,  very  compact  and  fairly  coarse, 

occurs  in  large  quantity  to  the  west  of  the  col ;  I  did  not  see  it  in  situ, 

but  it  evidently  belongs  to  the  slate  series  in  this  locality,  and  suggests 
correlation  with  that  below  Kalu. 

In  the  valley  of  the  Kabul  river  the  rocks  consist  at  first  of  schistose 

The  valley  of  the  Kabul    slates,  rapidly  giving  place  to  gneiss,  schist:  and 

river*  crystalline  limestone  ;  the  last-named  rock  forms 
a  thick  bed  extending  from  Dahan-i-Unai  along  the  left  side  of  the 

valley  down  to  Sar-i-Chashma.  Lower  down  the  valley  slates  re-appear, 

but  white  beds  seen  high  up  on  the  mountain  sides  probably  represent 

the  crystalline  limestone. 

What  relationship  there  is  between  the  comparatively  little  altered 

slates  and  quartzites  of  the  Hajigak  Kotal  and  the  schists  and  other 

highly  metamorphosed  rocks  of  the  Helmand  and  Kabul  rivers,  it  is 

impossible  to  say.  The  latter  may  be  merely  the  altered  representatives 

of  the  former,  but  there  is  no  evidence  of  this,  and,  judging  from  the 

great  area  covered  by  these  metamorphic  rocks,  which  extend  from  the 

Helmand  to  Kabul,  it  seems  quite  likely  that  they  may  include  meta- 

morphosed representatives  not  only  of  the  Hajigak  beds  but  also  of  the 

older  sedimentary  systems.  The  conglomerates  of  the  Kotal-i-TJnai 

suggest  correlation  with  those  of  Ak  Robat,  whilst  the  gneisses,  schists 

and  crystalline  limestones  may  correspond  with  those  of  the  valley 

between  Ak  Robat  and  Saraiak  in  Saigkan,  and  possibly  also  with  those 

of  the  Kabul  river  to  the  east  of  Sarobi  (p.  43) . 

IV.— GEOLOGICAL  HISTORY  OF  AFGHANISTAN. 

The  geological  history  of  Afghanistan,  like  the  political,  is  one  of 

instability.  Four  well-marked  unconformities  have  been  recognised. 
The  first  occurs  between  the  Khingil  series  of  Khurd  Kabul  hill  and 

the  crystalline  limestone  and  schists  of  Kabul.  It  is  impossible  to 

estimate  the  lapse  of  time  represented  by  this  break,  since  the  age  of  the 

crystalline  rocks  has  not  been  determined.  It  is  clear,  however,  that 

they  were  folded  and  metamorphosed  before  the  deposition  of  the 

Khingil  limestone  since  the  rocks  intrusive  in  them  do  not  extend  up 
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into  the  overlying  beds.  At  the  same  time  the  axes  of  their  folds  in  the 

Khurd  Kabul  hill  are  almost  at  right  angles  to  those  of  the  younger 

beds  and  it  is  evident  that  they  represent  an  old,  probably  pre-Carboni- 

ferous  land-surface. 

The  Khingil  series  is  peculiar  to  this  one  area  so  far  as  we  know.  It 

is  apparently  different  to  the  Upper  Paleozoic  facies  of  Bamian  and 

the  Hindu  Kush,  but  related  both  to  the  Productus  Limestone  of  the 

Salt  Range  and  to  the  Trias  of  the  Himalaya.  Between  Kabul  and  the 

Salt  Range,  the  Productus  Limestone  has  been  found  in  the  Bazar 

valley  on  the  northern  flanks  of  the  Safed  Koh  (15,  111)  and  the  same 

formation  almost  certainly  forms  part  of  the  main  range  between  the 

Bara  valley  and  the  Khyber.  The  presence  of  the  Khingil  series  to 

the  north  of  Tangi  Grharu  has  been  referred  to  above  (page  14),  but 

nothing  is  known  of  its  extension  beyond  the  range  bordering  the 

Kabul  plain  and  even  this  has  not  been  visited.  The  unconformity  at 

the  base  of  the  series  between  Butkhak  and  Khurd  Kabul  inevitably 

suggests  a  comparison  with  the  Aryo-Dravidian  (Upper  Palaeozoic) 

unconformity  of  the  Himalaya  and  one  is  tempted  to  see  in  these 

limestones  proof  of  the  extension  as  far  as  Kabul  of  the  transgression 

characteristic  of  the  Carboniferous  Indian  marine  province. 

At  a  comparatively  short  distance  away,  to  the  west  and  north-west 

of  Kabul,  the  older  sedimentary  series  are  developed  in  a  different  facies, 

and  in  the  Koh-i-Baba  and  Hindu  Kush  we  find  evidence  of  the  exist- 

ence of  marine  conditions  at  least  as  early  as  the  Devonian  period  and 

probably  much  earlier.  The  Kalu  series,  Hajigak  limestone  and  the 

Helmand  series  represent,  no  doubt  imperfectly,  the  Dra vidian  group 

of  the  Himalaya  and  indicate  shallow-water  marine  conditions  extending 

throughout  almost  the  whole  period  of  their  deposition.  The  hematite 

bed  and  the  graphitic  slate  suggest  a  temporary  interruption  and  the 

prevalence  of  terrestrial  conditions  towai'ds  the  end  of  the  Silurian  or 

beginning  of  the  Devonian  period.  This  was  followed  by  re-submer- 

gence, and  the  formation  of  a  coral  limestone  probably  at  no  great 

distance  from  a  coastdine,  for  the  (?)  subsequently-formed  slates  and 
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quartzites  of  the  Helmand  series  bear  witness  to  the  proximity  of  a  land- 

surface  undergoing  denudation.  On  the  whole  the  conditions  during 

the  Dravidian  era  in  the  area  represented  by  the  Hindu  Kush  and  Koh- 

i-Baba  were  not  unlike  those  prevailing  at  the  time  in  the  Tibetan  zone  of 

the  Himalaya  and  the  same  sea  probably  covered  both  areas.  This  latter 

suggestion,  however,  must  remain  to  a  great  extent  hypothetical  until 

fossils  have  been  found  in  the  Kalu  series.  The  small  fauna  from  the 

Hajigak  limestone  has  been  sent  to  Mr.  P.  R.  Cowper  Reed,  who  has 

kindly  undertaken  to  describe  it  and  its  affinities  have  not  yet  been 

determined.1  In  his  valuable  paper  recently  published  on  the  subject  of 

pre-Carboniferous  Life-Provinces  (24),  Mr.  Reed  has  discussed  in  consi- 
derable detail  the  relationships  of  the  Indian  and  Burmese  Devonian 

faunas  and  his  conclusions  would  lead  us  to  expect  one  of  European  type 

in  Afghanistan.  Devonian  fossils  have  been  found  in  Chitral  between 

Drosh  aud  Mastuj  and  again  on  the  Baioghil  pass,  and  it  would  appear 

that  the  Devonian  sea  which  covered  Bamian  and  the  Hindu  Kush 

extended  through  Chitral  into  the  Himalayan  region  and  thence,  through 

Spiti  and  Byans,  into  Eastern  Tibet  and  Burma. 

Of  a  Middle  Carboniferous  fauna  we  have  no  record  in  Afghanistan, 

for  the  Helmand  series  has  yielded  no  fossils,  but  the  latter  part  of  that 

period  and  probably  also  the  Permian,  is  represented  in  the  Khingil 

series  of  the  Kabul  area  and  by  the  Pusulina  limestone  of  the  Hindu 

Kush.  The  Fusulina  limestone  is  of  particular  interest,  since  it  serves 

to  link  the  history  of  Afghanistan  with  that  of  many  other  parts  of 

Asia.  The  relationship  of  the  fauna  to  those  of  similar  limestones  in 

other  parts  of  the  world  has  been  discussed  in  a  previous  paper  (17,  252)  ; 

it  shows  affinities  with  the  Urals  on  the  one  side  and  Texas  on  the  other, 

whilst  the  intervening  gap  is  filled  by  species  occurring  in  Sumatra, 

Indo-China,  China  and  Japan.  Burma  has  recently  been  added  to  this 

list  and  I  am  informed  by  Mr.  La  Touche  that  amongst  his  collections 

from  the  Northern  Shan  States,  which  were  sent  for  description  to 

Professor  Diener,2  the  commonest  species  from  the  Fusulina  limestone 
1  See  footnote  to  p.  24. 

2  Professor  Diener's  interesting  description  of  these  collections  is  now  in  the  press, and  will  be  published  in  the  Palceontologia  Indica. 
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is  F.  clongata  Shumard,  which  had  previously  been  recorded  onlv  from 

Texas  and  Afghanistan.  On  the  other  hand,  the  fauna  of  the  Afghan 

Fusulina  limestone  has  no  apparent  affinities  with  that  of  the  Productus 

Limestone  of  the  Salt  Range,  but  this  may  quite  well  be  due  merely  to 

our  very  meagre  knowledge  of  its  contents.  The  late  Dr.  von  Krafft 

also  found  Fusulina  limestone  extensively  developed  in  Darwaz,  but 

here  again  the  Fusulina  were  apparently  unrelated  to  Salt  Range 

types  (19,  58).  At  the  same  time  there  seems  to  be  equally  little 

relationship  between  the  respective  faunas  of  the  Fusulina  limestones  of 

Darwaz  and  Bamiiin  ;  this,  however,  may  also  be  due  to  the  smallness 

of  the  collections  from  Afghanistan  and  Darwaz. 

Fusulina  limestone  has  not  been  recorded  from  Western  Afghanistan, 

but  Mr.  Griesbach  regarded  the  fossiliferous  limestone  of  Herdt 

and  Khorasan1  as  equivalent  to  that  of  Bamian.  It  is  found  again  in 
Baluchistan  (31,  162)  where,  however,  it  has  not  been  examined  in  detail 
and  the  affinities  of  its  fauna  are  unknown. 

After  the  formation  of  the  Fusulina  limestone,  important  changes 

took  place  in  Afghanistan.  Except  in  the  hills  to  the  east  of  the  Kabul 

plain,  no  Lower  Triassic  rocks  have  been  found.  The  Khingil  series, 

which  appears  to  have  been  deposited  in  a  bay  of  the  Tethys  running  out 

from  the  Himalayan  area,  is  in  its  upper  part  only  a  westerly  extension 

of  the  Himalayan  Trias.  Whether  this  extended  further  into  Western 

Afghanistan  and  Afghan  Turkistan,  it  is  impossible  to  say,  since  no 

trace  of  Lower  Trias  has  been  found  in  any  part  of  that  region  ;  if  it 

had  ever  existed,  one  would  expect  to  find  a  certain  amount  of  it  pre- 

served, yet  neither  Mr.  Griesbach  nor  I  have  met  to  the  north  or  west 

of  Kabul  with  anything  resembling  the  Lower  Trias  of  the  Himalaya.2 

1  Among  his  collections  are  a  hard  dark  limestone  with  Producti,  which  exactly 
resemhles  the  hand  with  Productus  in  the  Fusulina  limestone  of  the  Khwajagar  dara 

in  Bamian  ;  other  specimens  from  Khorasan  are  very  like  the  brachiopod-bearing  lime- 
stone of  the  Kotal-i-Hajigak,  which  I  regard  as  Devonian.  The  latter  specimens  have 

been  sent  to  Mr.  F.  R.  Cowper  Reed,  who  has  confirmed  my  views  as  to  their  age 
and  identity. 

2  Mr.  Griesbach's  so-called  "  anthracite  series  and  lower  trias  "  of  Saighan  has 
already  been  shown  to  be  in  all  probability  at  least  as  old  as  Carboniferous  {supra,  p.  57). 
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It  must  be  admitted  that  our  knowledge  of  the  geology  of  Afghanistan 

is  so  extremely  small  that  many  stratigraphical  horizons,  which  are  no 

doubt  present,  are  still  undiscovered,  and  this  may  be  one  of  them- 
In  Darwaz  the  Lower  Triassic  facies  described  by  Dr.  von  Krafft  is 

entirely  different  to  the  Himalayan,  and,  as  what  little  evidence  there  is 

points  to  a  certain  similarity  between  the  respective  conditions  prevailing 

in  Darwaz  and  Afghan  Turkistan  towards  the  close  of  the  Pakeozoic 

era,  I  am  inclined  to  regard  the  Kabul  area  as  the  western  limit  of  the 

Lower  Triassic  Tethys  of  the  Indian  province. 

In  Darwaz  and  other  parts  of  Russian  Turkistan  volcanic  activity 

began  in  the  latter  part  of  the  Fusulina  limestone  period,  and  traps  and 

tuffs  were  interbedded  with,  and  succeeded,  the  limestone  without  appa- 

rent break.  Similar'  conditions  may  have  prevailed  in  parts  of  Afghan 
Turkistan,  but  there  is  no  evidence  of  this,  and  in  Saighan  there  was  a 

marked  break  in  continuity  of  deposition,  for  the  volcanic  beds  overlie 

the  older  formations  with  unconformity  and  overlap ;  the  gap  thus 

produced  may  perhaps  have  been  filled  by  Lower  Triassic  beds,  but 

none  such  have  been  found  as  yet,  and  the  question  must  remain  for  the 

present  one  of  the  unsolved  problems  in  Afghan  geological  history. 

This  is  the  second  break  in  the  local  geological  record.  It  was 

succeeded  by  a  period  of  considerable  instability  characterised  by  volcanic 

activity  and  oscillation  between  marine  and  terrestrial  conditions. 

Certain  of  the  beds  of  dark  shale  in  the  Doab  series  of  Saighan  are. 

apparently  normal  marine  sediments,  and  the  accompanying  beds  of 

stratified  volcanic  ash  are  also  evidently  of  aqueous  origin.  In  other 

parts  of  Saighan,  however,  we  find  evidence  of  terrestrial  conditions  in 

the  local  erosion  and  overlap  in  the  middle  of  the  Doab  series  itself. 

Volcanic  beds  have  not  been  recorded  at  any  appreciable  distance  to  the 

north-west,  for  Mr.  Griesbach  makes  no  reference  to  tuffs  or  traps  in 

Chahil  and  Shisha  Walang,  where  the  Doab  series  appears  to  be  repre- 

sented by  estuarine  and  shallow-water  marine  deposits  with  Halobice  of 

Upper  Triassic  aspect.  These  are  the  only  Triassic  marine  fossils  that 

have  been  found  in  Afghanistan  outside  the  Khingil  series  and,  if  truly 

Triassic,  will  indicate  the  extension  of  the  Tethys  over  parts  of  Afghan 
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Turkistan  towards  the  end  of  that  period.  The  shales  and  sandstones 

with  which  the  fossils  are  associated,  and  the  broken  condition  of  most 

of  the  shells,  prove  them  to  be  littoral  deposits. 

In  Western  Afghanistan,  in  the  neighbourhood  of  Herat,  and  in 

Khorasan,  the  rocks  included  by  Mr.  Griesbach  under  the  term  "  Plant- 

bearing  series  "  are  apparently  the  representatives  of  my  Doab  and  Saighan 
series  and,  like  the  former  of  these,  are  associated  with  volcanic  beds. 

It  appears,  therefore,  that  the  Triassic  period  was,  at  least  during  its 

latter  part,  one  of  volcanic  activity  over  the  greater  part  of  Northern 

and  Western  Afghanistan,  which  formed  a  barrier  between  the  Indian 

and  European  Triassic  marine  basins.  Over  this  area  terrestrial  condi- 

tions prevailed  on  the  whole,  giving  place  occasionally  to  marine,  owing 
to  incursions  of  a  shallow  arm  of  the  sea.  Whether  this  sea  was  the 

European  or  the  Indian  we  have  not  yet  sufficient  evidence  to  show. 

In  a  comprehensive  review  of  the  Trias  of  the  Himalaya  (4,  91),  Dr. 

Diener  has  referred  to  Afghanistan  as  the  western  extremity  of  the 

Indian  zoo-geographical  region  during  the  Middle  and  Upper  Triassic 

periods.  This  assumption  was  based  on  the  evidence  of  the  Chahil 

fossils  referred  by  Mr.  Griesbach  to  Daonella  lommeli  and  Monotis 

salinaria,  and  which  have  now  been  found  to  be  Halobiee  of  doubtful 

affinities  and  not,  so  far  as  we  know,  referable  to  any  Indian  Triassic 

forms.  West  of  the  meridian  of  Kabul,  therefore,  there  is  no  un- 

equivocal evidence  of  the  former  extension  of  the  Himalayan  Tethys  over 

Afghanistan  at  this  period.  Freeh,  on  the  other  hand,  includes  Western 

Afghanistan  in  the  European  province  (Lethcea  mesozoica,  Bd.  I,  map), 

which  he  separates  from  the  Himalayan  by  a  narrow  meridional  belt 

embracing  Eastern  Afghanistan  and  N.  W.  Kashmir;  this,  however,  he 

believes  to  have  been  submerged  by  subsequent  transgression  of  the 

Triassic  sea,  which  thus  finally  linked  up  the  two  marine  provinces. 

So  far  as  the  greater  part  of  the  Triassic  period  is  concerned,  Freeh's 
view  is  supported  by  such  additions  as  have  recently  been  made  to  our 

knowledge  of  the  geology  of  Afghanistan,  but  we  are  still  without 

definite  evidence  of  any  direct  communication  between  the  European 

and  Himalayan  seas  in  Upper  Triassic  times. 
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The  limestone  of  Kharwar  and  Dobandi,  which  has  been  referred  by 

Mr.  Griesbach  to  the  Upper  Trias  (rhsetic)  is  said  to  overlie  plant-bear- 

ing beds  ;  it  may,  therefore,  perhaps  be  an  extension  of  the  Khingil 

series,  in  which  case  it  indicates  south-westerly  transgression  of  the 

Himalayan  Tethys  over  an  older  Triassic  land-surface.  But  there  is  no 
evidence  that  this  transgression  extended  to  Western  Afghanistan, 

where  the  Upper  Triassic  facies  is  quite  unlike  the  Khingil  series  and 

where  no  Himalayan  types  have  been  found. 

An  argillaceous  facies  of  Upper  Triassic  age  was  found  by  Mr. 

Vredenburg  in  Baluchistan  (31,  162),  and  the  fossils  were  described  by 

Professor  Diener  in  Records,  Geological  Survey  of  India,  Vol.  XXXIV 

(p.        ;  they  include  Monotis  salinarias  a  species  of  Ralorites  belong- 

ing to  the  group  of  catenati  continui,  a  species  of  either  Distic/iites  or 

Ditimarites,  also  Celtites,  Paratibetites  and  Rhacophyllites.  Although 

IJahrites  is  a  common  genus  in  the  Himalayan  Trias,  the  species  found 

there  belong  entirely  to  the  acatenati  ;  on  the  other  hand,  the  catenati 

continui  are  extremely  common  in  Europe.    The  Baluchistan  form  is 

therefore  essentially  un-Indian,  and  is  a  link  with  Europe.    The  species 
of  RhacupJiyllites  also  has  European  affinities,  whereas  the  other  ammo- 

nites are  related  to  Himalayan  forms.    Here,  then,  we  have  perhaps 

indications  of  a  "  meeting  of  the  waters,"  and  it  may  have  been  through 
Tezin,  Kharwar  and  Pishin  that  communication  was  established  in 

Upper  Triassic  times  between  the  Indian  and  European  marine  provinces. 

At  that  period  Northern  and  Western  Afghanistan  appear  to  have  been 

in  a  state  of  instability,  resulting  in  alternate  periods  of  subsidence 

and  elevation,  neither  probably  of  any  considerable  duration  or  import- 

ance and  both  accompanied  by  volcanic  activity.    Subsequently  terres- 

trial conditions  were  definitely  established,  and  by  the  middle  of  the 

Jurassic  period  Afghan  Turkistan,  with  Western  Afghanistan  and 

Khorasan,  were  joined   to  Russian  Turkistan,  which  was  the  south- 

westerly extension  of  Angaraland.    After  the  formation  of  the  Saighan 

series,  which  is  merely  the  uppermost  member  of  Suess'  Angara  series 
(29,  19),  Northern  Afghanistan  appears  to  have  formed  part  of  a  great 

land-locked  basin,  in  which  was  deposited  a  thick  series  of  red  beds 
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consisting  of  conglomerates,  grits  and  sandstones  followed  by  red  lime- 

stones with  hippurites,  which  indicate  a  gradual  reversion  to  marine 

conditions.  Subsequent  disturbance  led  once  more  to  the  retreat  of  the 

sea  and  the  formation  of  salt-lakes  in  which  gypsum  was  deposited. 

This  was  the  third  important  break  in  Afghan  geological  history.  It 

was  followed  by  the  great  Upper  Cretaceous  transgression,  which  resulted 

in  the  submergence  of  vast  tracts  of  Asia,  including  much  of  Afghanis- 

tan, Baluchistan  and  adjacent  parts  of  India,  but  no  evidence  has  vet 

been  found  of  the  extension  of  the  Cretaceous  sea  into  Eastern  Afghan- 

istan, although  it  undoubtedly  extended  far  to  the  south  into  Baluchistan 
and  eastwards  into  Kurram  and  Tirah. 

The  close  of  the  Cretaceous  period  was  accompanied  by  some  oscil- 

lations of  the  sea-level  and  gradual  contraction  of  the  submerged  area. 

Evidence  of  the  suppression  of  marine  conditions  is  seen  in  the  gypsum 

beds  of  the  Lower  Tertiary  system  in  Saighan  and  Kahmard.  After 

this  the  sea  gradually  disappeared,  and  by  the  latter  end  of  the  Tertiary 

epoch  Afghanistan  was  a  land  of  great  rivers  comparable,  in  the  width 

of  their  valleys  and  the  extent  of  their  deposits,  to  those  of  the 

Himalaya  in  the  Siwalik  age.  This  constitutes  the  fourth  and  last 

break  in  the  stratigraphical  sequence. 

V  SUMMARY. 

The  facts  that  we  have  now  at  our  disposal  with  regard  to  the  geology 

of  Afghanistan  lead  us  to  the  conclusion  that  that  country  is  divisible 

into  two  stiatigiaphical  provinces,  one  of  which  is  represented  only 

in  Eastern  Afghanistan,  whilst  the  other  comprises  by  far  the  greater 

part  of  the  country  and  embraces  most  of  the  northern  and  western 

districts.  The  affinities  of  the  former  province  are  with  the  Himalayan 

area,  whereas  those  of  the  latter  are  with  Western  Asia  and  also  to 

some  extent  with  Europe.  The  mutual  separation  of  the  two  provinces 

seems  to  have  taken  place  towards  the  end  of  the  Carboniferous  period. 

The  eastern  facies  embraces  a  series  of  old  crystalline  schists  and 

limestones  which  recall  Archaean  types  of  the  Indian  Peninsula  and 
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Burma,  but  are  associated  in  some  manner  not  yet  elucidated  Avith 

Palaeozoic  sediments  and  may  possibly  be  entirely  of  post-Cambrian 

age.  These  are  overlain  unconformably  by  a  calcareous  group  which 

represents  partly  the  Productus  Limestone  of  the  Salt  Range  and  partly 

the  Trias  (Lilang  system  and  Para  stage)  of  the  Himalayan  marine 

province..  I  call  this  the  Khingil  series.  It  is  largely  developed  between 

the  Kabul  plain  and  Jagdallak,  whence  it  extends  northwards  across  the 

Kabul  river  towards  Kokistan.  From  the  neighbourhood  of  Khurd 

Kabul  it  may  extend  south-westwards  to  Kharwar  and  the  Shutar- 

gardan,  and  south-eastwards  into  Tezin.  The  Productus  Limestone  of 

the  Bazar  valley  is  a  link  between  Eastern  Afghanistan  and  the  Salt 

Range,  and  it  is  possible  that  the  massive  limestone  of  the  Khyber 

Pass  may  also  represent  the  Khingil  series. 

The  stratigraphical  relations  of  the  older  parts  of  the  northern 

facies  are  very  obscure,  but  it  appears  to  begin  with  the  Kalu  series,  a 

more  or  less  schistose  group  of  clastic  rocks  derived  chiefly  from  coarse 

sediments.  This  is  followed  by  the  hematite  and  limestone  (probably 

Devonian)  of  the  Hajigak  Kotal.  Above  these  are  slates  and  quartzited 

overlain  by  limestone  containing  many  Fmulince  in  the  upper  beds.  The 

two  latter  formations  represent  the  Upper  Carboniferous,  and  the  Per- 

mian, systems.  The  Fusulina  limestone  is  covered  unconformably  by  the 

volcanic  Doab  series,  which  is  probably  partly  Triassic  and  partly 

Jurassic ;  it  passes  up  into  the  Saighan  series,  a  freshwater  group  of 

shale,  grit  and  conglomerate  with  some  coal-seams.  This  is  overlain  by 

the  Red  Grit  series,  which  is  of  Lower  Cretaceous  age.  Cretaceous  lime- 

stone, dating  from  the  great  cenomanian  transgression,  covers  the  Red 

Grit  series  and  all  older  formations ;  it  passes  up  into  shales  svith 

gypsum  which  are  tentatively  referred  to  the  eocene. 

The  Lower  Tertiary  and  older  beds  are  overlain  unconformably  by 

(?)  Upper  Tertiary  conglomerates  in  the  northern  districts  and  by 

typical  Siwaliks  in  the  eastern.  A  group  of  shale  and  conglomerate,  with 

a  few  small  patches  and  thin  streaks  of  impure  coal,  fills  the  Ghorband 

valley  between  Siah-gird  and  Parsa  and  may  perhaps  be  oil  Middle 

Tertiarv  age,  but  no  fossils  have  been  obtained  from  it. 
G 
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While  the  eastern  facies  belongs  to  the  Himalayan  and  Indian 

Province,  the  Northern  finds  its  counterpart  in  Russian  Turkistan. 

There  is  no  evident  relationship  between  the  older  systems  of  the  Hindu 

Kush  and  Koh-i-B;iba  and  the  co  mplex  of  igneous  rocks  and  crystalline 

schists  (altered  sediments)  that  Krafft  found  below  the  Fusulina  lime- 

stone of  Darwaz,  but  further  north  the  pre-Devonian  rocks  of  the 

province  of  Syr  Darya  recall  the  Kdlu  series  and  associated  beds  of  the 

Hindu  Kush  and  Koh-i-Baba ;  I  quote  Weber's  description  (33,  396)  : 

te  .  .  .on  observe  aussi  des  depots  du  devonien  .  .  .  .  et  une  assise  plus 
aucienne  de  gvbi  et  conglomerate  depourvu?  de  fossiles.  Le  long  du 

faite  de  partige  des  eaux  on  observe  un  developpement  de  schistes 

metamorphiques  egalement  sans  fossiles,  se  rapportant  peut-etre  au 

carbonifere  ou  au  devonien". 

Above  these  in  the  region  of  Syr  Darya  are  Devonian  limestones 

with  Spirifer  Femcuilii  and  other  fossils,  followed  by  Lower  Carboni- 

ferous limestone  passing  up  into  and  alternating  with  porphyry  and 

tuff.  These  again  are  overlain  unconf ormably  by  J  urassic  grits  with 

lignite.  The  resemblance  of  the  whole  of  this  sequence  to  the  strati- 

graphical  facies  of  Northern  Afghanistan  is  very  striking.  The  only 

discrepancy  is  the  apparent  absence  from  the  latter  area  of  any  repre- 

sentative of  the  Upper  Palaeozoic  volcanic  series  of  Syr  Darya,  Darwaz 

and  Kashmir  and  the  similar  absence  of  the  Doab  series  from  the 

former. 
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GEOGRAPHICAL  INDEX. 

1  Latitude. 
1 Longitude. Page. 

Ab-i-Rhorak 
!  c  , 

35  33 

o  / 

67  42 30,  32,  34,  70. 

Ak  Kobat 34  55 07  42 7,  26,  55,  56, 57. 

Ali  Masjid    .  . 34  2 71  18 

41. 

Andao  . 35  20 67  54 
66. 

Andarab       .       .  . 35  37 69  30 61, 65. 

Anjuman  Kotal 
35  47 70  11 

G. 

Ao  Dara 
35  7 67  30 28,  59,  60. 

Ao  Ehorak    .  • 
... 

See  Ab-i-Khorak. 

Arghandi      .       .  . 34  28 68  58 2, 17. 

Ashtiwa         .       .  . 
35  7 69  14 23,  25,  47. 

Asmai  .... 34  32 69  11 17, 18. 

Astarab        .       .  . 35  30 65  40 36. 

fiagh-i-Haibak     .  . 35  14 67  58 61. 

Bagrami      .       .  . 34  29 69  19 

45. 

Baiani  .... 35  12 67  49 
61. 

Bajgab  .... 
35  21 67  50 3,  66,  68. 

Balula  .       ,       .  . 34  53 68  7 
27,  50,  52. 

Bamian  ... 34  50 
67  50 

2,  4,  5,  23,  34,  39,  52. 

Banak  .... 35  20 67  37 
59,  67,  68. 

Bara  Valley       .  . 33  50 71  20 
74. 

Barfak  .... 35  22 68  12 61,  63,  64,  65. 

x>anKaD  ... 34  31 69  46 
45. 

Baroghil  Pass 36  50 73  27 
75. 

Basawal 34  15 70  54 

41. 

Bazar  Valley 
34  0 71  10 74. 

Begal  .... 35  11 67  30 30,  59,  60,  66. 

Burj-i-Gul  Jan 35  4 69  7 

48. 

Butkbak 34  30 69  23 17,  21,  45,  46. 
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Latitude. Longitude. 
Page. 

Ckahardar  Pass 35  13 C8  17 
9,  26,  49,  51. 

Cliaharieh 34  20 70  49 41. 

Chahil  .... 35  38 67  37 30,  32,  34,  70. 

Chap  Dara  . 34  47 
67  53 54. 

Chap  Kolak  Kotal 35  0 67  38 
55. 

Chiirasia 34  27 
69     9  | 

17. 
Chardih ••• ... See  Chahardeh. 

Charikar 35  2 
69  12 

19. 

Chitral  .... 35  49 
71  46 75. 

Dahan-i-Unai 34  27 68  29 73. 
Dakka  .... 34  13 71  5 

41. 

Dandan  Shikan  Kotal  . 35  10 67  39 
67. 

Dara  Hech 35  13 67  36 
59. 

Dara  Yusuf  . 35  45 67  15 30,  70. 

Dargai  Valley 34  28 69  52 
11. 

Daronta 34  28 70  20 
39,  43. 

Darwaz 38  30 71  0 29,  60,  77. 

D&sht-i-Gazak  . 35  15 67  45 
3,  66. Dasht-i-Safed 35  20 67  55 3,  35, 62,  66,  67,  68 

Davendar  Eange  . 34  22 62  48 

7. Deh  Imam 35  11 67  41 

58. 

Deh-tang      .  . 35  3 68  51 

49. 

Delchi  . 35  11 67  45 
61 Doab-i-Mekhzariu 35  17 

68  2 •  28,  30,61,  62,  63,65. 

Dobandi 33  57 69  21 
79. 

Doshakh  Mts. 34  0 
61  40 

7. Doshi    .       ,  i oo  61 

a. 

oo. 

Faragard      .       •  ■ 34  57 68  52 
38,  49. 

Faranjal       .       <  ( 35  0 68  44 49,  50. 

Fort  Battye        .  ■ 31  21 70  13 
41. 

Gnadamak    .      .  < 34  17 70  5 39,  40,  41,  42. 
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Gaoparan 

o 

34 
55 

o 
68 47 

49. 

Gardan  Diwal 
34 

30 63 16 
2,  25,  72. 

Ghorband 35 0 69 0 2,  4,  5,  6,  7,  16,  23,  24,  38,  46,  47. 

G  iridi  Each  . 
34 

23 ;o 

43 

41. 

Gogomanda  . 
34 

35 
69 

38 

39,  44. 
Haft  Kotal  . 34 23 69 35 44,45. 

Hajar 35 22 67 33 3,  30,  34,  67,  70. 

Hajigak  Kotal 
34 

39 
68 

7 23,  24,  25,  26,  71,  72,  73. 

Hari  Bud 
34 

10 
64 

0 
6,  7. 

Helmand  E. 34 20 
68 

0 2,  23,  25,  71. 
Herat 

34 
20 

62 

14 

6,  7,  76. 
Hindu  Kush  Mts. 

35 
15 69 0 4,  5,  6,  7,  23.  26,  48,  49. 

„        „  Pass 
35 15 

69 4 
5,  8. Indaki 

34 

28 

69 

12 17. 

Irak  .... 
34 

51 
68 5 

54. 
Ishpul  Bab  a 34 

34 
69 

30 
44. 

lehpushta 
35 20 68 

7 3,  30,  31,  34,  36,  62,  64. 

Istalif 

31 

50 
69 

7 
46. 

Jabl-us-Siraj 35 7 69 
20 

46,  47. 

Jagdallak 34 
26 

69 

47 

12,  13,  39,41,42. 
Jalalabad     .  , 

34 
26 

70 
28 

40,  41. 
Jaokul         .  . 34 

28 
68 

20 

25,  72. 

Ju-i-dukhtar         .  . 35 2 6S 50 
26. 

Kabuchi  Kotal 
35 

13 
67 

40 59. 

Kabul  . 
34 31 69 

13 

7,  17,  21,  39,  45,  46,  73. 

Kach-i-Mahomcd     A  1  i 
Khan. 

34 
31 70 

4 
43. 

Kach-i-Shcr  Khan 
34 

36 69 

42 

44, 

Kanristan     .  . 
35 

0 

71 

0 
7,  11. Kahmard      .       .  . 35 

20 67 40 

2,  34,  37, 38,  39,  59,  66,  67. 

Kala-i-Haji  .       •  . 
34 

40 69 
15 

j  46. 
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Latitude. Longitude. Page. 

Kala-i-Sher  . 
34 25 70 15 

14. 

,,  Wakil 
35 11 

67 

42 

3. 

„  Zohak 
34 

£0 
68 1 53,  71. 

Kalich  Kotal 35 16 67 

58 

3,  61,  62. 
Kalu  .... 

34 
41 68 2 2,  23. 

KaluR. 34 41 

68 
2 71. 

Kaoslian 
35 

5 
69 

5 25,  48. 
Kaoshandas          .  . 

34 
52 68 5 52. 

Kara  Kotal          .  . 35 29 

67 

50 3,  70. 
Karkacha  Range 34 

22 
69 42 22,  43. 

Kashka  Pass 
34 

51 
68 3 

52. Katar  Sum  Kotal 34 
57 67 

42 56,  57. 
Katasang 

34 
22 

69 

15 

17. 

Keshlak 34 25 

69 

18 

17. 

Khaki  Kotal 35 
20 

68 
9 

61. 

Khargin  dara 35 12 
67 

27 

28,  59,  60. 
Kharwar 33 40 

68 

55 

20,  79. 

Kharzar       .  . 34 39 63 8 
72. 

Khingil  Eange 34 

40 

69 
30 

22. 

Khinjan 
35 

37 
68 50 

65. 

Khoja  Bogra 34 
35 

69 
12 

18. 

Khorak See  Ab-i-Khorak. 

Khorak-i-paian 
35 33 67 

44 
70. 

Khorasan 35 0 60 0 76. 
Khurd  Kabul 31 23 69 

25 

20,  39,  44,  45. 

„  Hill 
34 

25 69 28 17,  18,  21,  46,  73. 
Khwajaganj 35 

12 
67 48 61,  62. 

Khwajagar 31 52 
67 

53 
27,  54. 

Khyber 
34 

1 
71 

18 74. 
Kimcliak 

35 
3 68 51 49. 

Koh-i-Baba 
35 

40 
67 

30 4, 5,  23,  25,  50,  53,  54,  71. 
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Latitude. Longitude. 
Page. 

Koh-i-Bedaulat 

o 

34 

' 
17 

0 

70 

/ 

55 

41. 
Daman 34 48 69 7 

2,  23,  39,  46. 
Ghandak 

31 

55 

67 
51 5,  53,  54,  55,  57. 

Kohgirdak    .       .  . 35 46 

67 

46 54. 

Kohistan 35 0 
69 40 

10,  25. 
Kotal-i-Anjuman  . 35 

47 

70 
11 6. 

Chap  Kolak 35 0 67 38 
55. 

» Dandan  Shikan  . 35 16 67 

39 

67. 

Hajigak • See  Hajigak. 

Kabuchi  . 35 
13 

67 

40 59. 

Kalich 
35 

16 
67 

58 

3,  61,  62. 
» Katar  Sum 34 

57 

67 42 

56,  57. 

» Khaki 35 
20 

68 9 
64. 

Munar 
34 

23 
69 22 17. J) 

Nalifarsh 35 
15 67 

50 
61. 

)> 
Sabz 

... 
... See  Sabz  Kotal. 

9) Saozak     .  . 
... ... 

Ditto. 

Shibar 
... 

... 
... 

... 
See  Shibar  Pasa. 

Unai 34 

27 

68 24 

72. 

Kunar 
34 40 

71 

0 

40. 

Lachipura 34 

20 

70 
45 

41. 

Lalpura 34 
14 71 

5 
40. 

Landi  Kotal         .  . 34 6 

71 
10 

41. 

Lataband 34 30 

69 

36 22,  39,  43,  44,  45. 

Logar 
34 

20 

69 
10 

16,  20. 

Lolinj 
34 

57 

68 

40 49. 

Madar 35 
23 67 

51 3,  38,  39,  59,  68,  69,  70. 

Maid  an 34 
22 68 

52 
21. 

Masai 
34 

25 
69 

18 
17. 

MaBhhad 36 
19 

59 
35 

34. 



90 HAYDEN  :    GEOLOGY  OF  NORTHERN  AFGHANISTAN. 

Latitude. Longitude, Page. 

Matak  . 

e 

35 
7 

0 

69 
15 

47,  48. 
Meshed See  Mashhad. 

Nalifarsh  Kotal  . 
35 

15 
67 

50 
61. 

Nuristan See  Kafiristan. 

Paghman  Range  . 

34 
45 69 

0 2,  5,  7,  16,  17,  25,  26,  48. 

Paimunar  Kotal 31 37 69 15 46. 

Paimuri 
34 48 

68 2 23,  53,  54,  71. 

Painguzar 35 
44 64 

6 

Palezkar 34 
29 

62 26 
33. 

Panj  shir 
35 

20 
69 

45 
6,  7,  25 

Pari  dara 
34 27 

69 48 11. 

Parsa 34 
57 

68 
45 

26,  38,  49. 

Parwan 
35 

8 
69 

16 25,  47. 

Pul-i-charkhi 34 

33 

69 

24 

17,  45. 

Qala 
... 

... 
See  Kala. 

Qimchak ... 
... ... See  Kimchak. 

Sabz  Kotal  . 
35 

35 

67 

39 
2,  32,  70. 

Safed  Koh  . 34 0 70 0 8,  20,  23,  40,  41. 

Saighan 35 10 

67 

45 2,  3,  4,  30,  34,  37,  39,  57,  60,  61. 

Salang  E. 35 
10 

C9 

15 

46,  47. 

Sanglakh  Eange  . 
34 

35 
68 

35 
5,25. 

Saraiak 
35 

11 

67 

44 
3,  58,  61. 

Sar-i-Chashma 34 
27 

68 
32 

73. 

Saripul 35 
20 

67 
40 

66. 

Sarobi .         .  . 
34 

34 
69 

46 22,  43,  44. 

Sayad  Baba  .  . 35 11 67 
36 

3,59. 
Seh  Baba 34 

31 69 
42 45. 

Sliakar  dara  , 31 
42 

69 4 
17. 

Shakb.-i-barant • 

34 

26 

69 

15 
17. 

Sher  darwaza 
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Fig.  1,  U  N  CON  FORM  I  1  Y   NEAR  SARAIAK,  SAIGHAN. 

F,g.  2.  UNCONFORMITY  AT  SARAIAK,  SAIGHAN. 





GEOLOGICAL  SURVEY  OF  INDIA. 
Memoirs,  Vol.  XXXIX,  PI.  8 

Fig.   1,    TERTIARY    BEDS    UNCONFORMABLE    ON  GHORBAND 
LIMESTONE,    NEAR  FARAGARD. 

G,  Ghorband  limestone. 

Fig     2,    FUSULINA    LIMESTONE    IN    KH  WA  J  AGAR    DARA,  BAMIAN. 
I,  HORIZON  OF  F.elon°*ta;  2,  HORIZON  OF  ProiuctUS  striatum;  3,  hokizon  OF  Neoschwai>erina  primiRcna. 
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H.  HayuYn,  Photo. 

CRETACEOUS  AND  SAIGHAN  SERIES  ON  LEFT  SIDE  OF  KHARGIN  DARA. 
3,  Cretaceous  limestone;  2.  Saighan  series  ;  1,  Doab  series. 
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H.  H.  Hayden,  Plioto. 
TANGI  BAJGAH. 

T,    Tertiary  beds. 
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Director,  Geological  Survey  of  India. 

CHAPTER  I. 

INTRODUCTION. 

IHE  main   features  of  the  sequence  of  strata  deposited  along 
the  Northern  shores  of  the  ancient  Gondwana  continent,  and  the 

affinities  of  the  successive  faunas  entombed  in  the  rocks,  have 

long  been  made  known  to  us  through  the  researches  of  numerous 

geologists  and  palaeontologists,1  and  a  general  correlation  has  been 

established  between  the  geology  of  that  coast  and  that  of  the  Alps' 
of  southern  Europe.  But  up  to  the  present  time  we  have  had 
but  little  knowledge  of  the  formations  that  were  being  laid  down 

contemporaneously  with  these  along  the  Eastern  shores  of  that 
continent.  The  researches  of  von  Richthofen  von  Loczy,  Bailey 

Willis,  and  others,2  have  made  us  acquainted  with  the  geology  of 
a  large  part  of  China,  but  of  these  observers  Professor  v.  Loczy 

alone  has  carried  his  researches    up  to  the  borders  of  Gondwana- 

1  For  references  see  Burrard  and  Hayden,  Geography  and  Geology  of  the  Himalaya 
Mountains  and  Tibet ;  Part  IV,  by  H.  H.  Hayden,  Geologv  of  the  Himalaya  ;  Calcutta, 
1908. 

2  F.  v.  Richthofen,  China,  Ergebnisse  eigener  Reisen  und  darauf  gegiundeter 
Studien,  Vols.  II  and  IV  ;  Berlin  (1882)  :  L.  v.  Loczy,  Reise  des  Grafen  Bela  Nzechenyi 
in  Ostasien,  Vols.  I  and  III  ;  Vienna  (1899)  :  F.  Leprince-Linguet,  Etude  Geologique 
sur  le  Nord  de  la  Chine  ;  Ann.  des  Mines,  Scr.  9,  Vol.  XIX,  p.  34G  (1901)  :  Tii.  Loronz» 
Beitriigc  zur  Geologic  und  Palaeontologie  Mm  Ostasien;  1  Teil.,  Zeitschr.  d.  Devtsclu 
Geol.  Ocsellsch.  Bd.  LVII,  p.  438  ;  2  Teil.,  Bd.  LVI1,  p.  07  (1905  and  1900)  :  C.  I).  Waleott, 
Cambrian  Faunas  of  China;  Proc.  V.  S.  Nat.  Mus.,  Vols.  XXIX,  XXX  (1900)  :  Bailey 
Willis,  Research  in  China;  Cimegie  Institution,  Washington  (1907):  H.  Lantenois, 
Mission  Geologique  et  Miniero  du  Yunnan  Meridional  ;  Ann.  des.  Mines,  Ser.  10,  Vol. 
XI,  p.  298  (1907):  A.  F.  Lc<rrndic  .V  1'.  Lemoine,  Crandes  Ligncs  de  la  Geoloeie  de 
Pays  Lolo  ;  Bull.  Mus.  Nat.  D'Hid.  Nalurclle,  No.  I.  1910,  p.  59. 
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land,  and  he  crossed  the  boundary  at  only  one  point,  between  Ta- 
li-fu  in  south-west  Yunnan  and  Bhamo  in  Upper  Burma.  In  Yunnan 
he  found  a  series  of  rocks  which,  as  the  following  pages  will  show, 
correspond  very  closely  with  those  of  the  Shan  States  ;  including 
representatives  of  the  lower  Silurian  or  Ordovician,  Middle  Devonian 

and  Permo-Carboniferous  Systems,  succeeded  by  a  series  of  red  beds 
ranging  in  age  from  Permian  to  Jurassic.  And  his  observations  have 
been  so  far  supplemented  by  those  of  the  French  geologists  employed 
on  the  survey  of  the  country  in  advance  of  the  railway  which  has 
now  been  carried  up  from  Tongking,  and  by  those  of  my  colleague 

Mr.  Coggin  Brown, — who  had  the  advantage,  before  he  visited 
Yunnan,  of  making  himself  acquainted  with  the  geology  of  the 

Northern  Shan  States, — -that  it  is  possible  to  correlate,  with  a  certain 
amount  of  confidence,  the  formations  in  these  two  areas  with  each 

other,  and  consequently  with  those  of  Central  China  ;  and  to  infer 
that  they  were  accumulated  under  similar  conditions  and  in  a  single 
sea  basin. 

There  can  be  little  hesitation,  I  think,  in  accepting  the  asser- 
tion that  the  crystalline  complex  of  Archaean 

Relations  with  Gond-     rocks,  on  the  borders  of  which  these  sediments wanaland.  .       ,  .  -  .  . 
were  accumulated,  once  formed  an  integral 

portion  of  the  Gondwana  continent,  though  they  are  now  separated 
from  the  Indian  Peninsula  by  a  great  depression,  filled  for  the 

most  part  by  Tertiary  and  recent  deposits.  The  Archaean  rocks  of 
the  Himalaya,  which  are  now  acknowledged  to  have  formed  a  part 

of  Gond  wanaland,1  are  now  separated  from  those  of  the  Peninsula 
in  a  precisely  similar  manner  by  the  broad  Indo-Gangetic  plains, 
and  I  think  that  there  is  evidence  to  show  that  the  separation  in 

each  case  took  place  at  about  the  same  period  (s  -e  below,  p.  351 
seq.).  An  account  of  these  depressions,  their  significance  and  their 

cause,  has  been  given  by  Professor  Ed.  Suess,2  who  designates 

them  by  the  name  of  '  foredeeps  '  (voriiefen). 
The  references  to  the  Shan  States  in  the  geological  literature  of 

Burma,  before    the  year  1887,  are  of  a  very Previous  notices.  .        .     .  ,  ,  , . 
meagre  description,  and  are  almost  entirely 

confined  to  an  enumeration  of  the  useful  minerals  that  were  sup- 

posed to  occur  on  the  plateau  in  great  abundance.  These  minerals 
are  always  mentioned  in  the  accounts  of  the  embassies  that  were 

1  H.  H.  Havden,  op.  cit.,  Vol.  IV.  pp.  221,  227. 
*  Das  Antlitz  dcr  Erde,  Vol.  1,  Chap.  XII  Vol.  Ill,  pp.  335,  581. 
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despatched  by  the  Government  of  India  to  the  Court  of  Ava 

between  the  years  1795  and  1855  ;l  but  none  of  the  members  of 
any  of  these  missions  was  allowed  to  visit  the  plateau,  and  it  must 
be  confessed  that,  with  the  exception  of  the  ruby  mines  of  Mogok 

and  the  silver- lead  mines  of  Bawd  win,  the  reports  of  the  existence 
of  vast  mineral  wealth  have  not  been  verified  by  recent  surveys. 
The  only  early  account  of  any  of  these  occurrences  that  we  possess, 

written  by  an  eye-witness,  is  that  of  Pere  Guiseppe  d'Amato,2  who 
was  permitted  to  visit  the  Ruby  Mines  at  some  time  before  the 
year  1833.  He  describes  the  native  methods  of  working  the  mines, 
and  mentions  the  discovery  of  two  masses  of  ruby,  one  of  which 
he  was  assured,  as  he  says  by  a  person  of  the  highest  credit, 

weighed  more  than  80  pounds. 
The  last  of  these  missions,  that  of  Major  Phayre  in  1855,  was 

T  01  lh  1855  ̂ ne  on^  one  accompanied  by  a  geologist, Dr.  T.  Oldham,  then  Superintendent  of  the 

Geological  Survey ;  but  he  was  unable  to  ascend  to  the  crest  of 
the  Shan  plateau,  though  he  paid  a  flying  visit  to  the  summit  of 

a  hill  called  the  Myaleitdaung,  "  whose  broken  outlines,"  as  he 

says,  "  and  boldly  scarped  sides  form  so  prominent  a  feature  in 
the  landscape,"  looking  eastwards  from  Amarapura,  which  was  then 
the  capital  ;3  but  he  could  only  observe  that  the  hill  was  formed 
of  limestone,  dipping  west  at  50  to  60  degrees,  and  that  the  hills 
rising  from  the  plain  to  the  north  were  composed  of  similar  rock 
with  the  same  inclination  westwards.  He  was  unable  to  discover 

any  fossils. 

During    the    field   season   of   1864-65  Mr.   F.   Fedden4   of  the 
Geological  Survey  travelled  through  the  Shan 

F.  Fedden,  1864-65.         «  *  /.     ,  °         ,  .„ States  from  south  to  north,  entering  the  lulls 

near  Yamethin,  110  miles  south  of  Mandalay,  and  marching  north- 

eastwards to  Kehsi  Mansam  (H  5), 6  on  the  southern  border  of  the 

1  M.  Symes,  Embassy  to  Ava  in  1795  ;  London  (1800),  p.  324.  J.  Crawfurd,  Account 
of  tho  Mission  to  Ava  in  1827  ;  Edin.  New  Phil.  Journ.,  Vol.  Ill  (1827),  p.  364. 
Journal  of  an  Embassy  to  the  Court  of  Ava  in  1827  ;  London  (1829),  pp.  427,  441. 
H.  Yule,  Narrative  of  the  Mission  to  the  Court  of  Ava  in  1855  ;  London  (1858)  ;  Appen- 

dix A,  by  Dr.  T.  Oldham,  p.  344.  S.  F.  Hannay,  Productive  Capacities  of  the  Shan 
Countries  ;  Sel.  Bee.  Beng.  Govt.,  No.  XXV,  p.  10. 

2  The  Mines  of  Precious  Stones  in  the  District  of  Kyatpen  ;  Journ.  As.  Soc.  Btngal, 
Vol.  II,  p.  75. 

8  Op.  cil.,  p.  336. 
*  Journal  of  the  Sahveen  Surveying  Expedition  ;  Sel.  Bee.  Govt.  India,  No.  XLIY, 

p.  30. 
5  These  letters  and  figures  denote  the  squares  into  which  the  ma])  is  divided. B  2 
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northern  States,  and  thence  to  Lashio  (H  1).  After  an  attempt  to 
reach  the  Salween  valley  by  way  of  the  Namyau,  he  returned  to 
Lashio,  travelled  through  South  Hsenwi  via  Mong  Yai  (I  3)  to  the 

Salween  at  Mankat  (Soo-kat),  and  descended  the  river,  partly  on  rafts,  to 
Takaw  ferry,  whence  he  returned  across  the  plateau  to  Hlaingdet 
in  the  Sittang  valley.  A  geologically  coloured  map  is  attached  to 

his  report,  but  no  attempt  is  made  to  co-ordinate  his  observations, 
which  merely  record  the  rocks  seen  each  day  along  the  route. 
He  mentions  no  fossils,  though  he  speaks  of  the  limestone  at  Kehsi 
Mansam,  or  Ban  Zam  as  he  calls  the  place,  where  the  outcrop  is 
filled  with  bryozoa  and  corals.  But  as  the  party  travelled  with 

elephants,  and  if  possible,  carefully  avoided  any  hilly  ground,  it  is 
not  surprising  that  he  found  nothing  of  greater  interest  than  the 

monotonous  limestone  of  the  plateau.  It  is  more  strange,  how- 
ever, that  he  does  not  allude  to  the  existence  of  coal,  as  it  is 

clearly  visible  in  the  bank  of  the  river  at  Man  Se  (Ban  Ze)  (H  1) 

where  he  crossed  the  Nam  Pawng,  in  the  Namma  coal-field,  on 
two  occasions  ;  while  he  traversed  the  Lashio  field  from  end  to  end. 

The  expedition  of  Mr.  C.  Barrington  Brown  to  the  Buby  Mines 
in    1887  was  undertaken  for    the   purpose  of 

C.  Barrington  Brown,  ,   .  .  ,         Pii  •  iiir 
1887.  ascertaining  the  value  of    the  mines  on  behali 

of  the  Secretary  of  State  for  India,  and  his  obser- 
vations were  confined  to  the  belt  of  crystalline  rocks  adjacent  to  the 

road  from  Thabeikkyin  on  the  Irrawaddy  to  Mogok  (C  1).  His  report  on 
the  mode  of  occurrence  of  the  rocks  met  with  and  on  the  methods 

of  working  the  mines,  coupled  with  a  masterly  description  of  the 
petrological  types  collected  and  a  discussion  of  the  origin  of  the 

gems,  contributed  by  Professor  J.  W.  Judd,1  remains  the  mos:  com- 
plete account  which  we  possess  regarding  the  character  and  relation- 
ships of  the  Archaean  rocks  of  this  region,  and  I  owe  the  greater 

part  of  the  description  of  the  crystalline  series  that  I  have  given 
in  this  Memoir  to  that  paper. 

The  first  connected   account  of  the  geology  of   the  Northern 
Shan    States    is  contained    in    a   report  by 

Dr.  F.  Noetling,  1800       _       _    ._    iV  .             .,  ,r 
Dr.  F.  Noetling  on  the  results  of  an  ex- 

pedition undertaken  in  1890  with  the  primary  object  of  ascertain- 

1  The  Rubies  of  Burma  and  Associated  Minerals  :  their  Mode  of  Occurrence,  Origin, 
and  Metamorphoses.  A  Contribution  to  the  History  of  Corundum.  Phil.  Trans.  Eoy. 
Soc.  London,  V<>1.  187A,  p.  151. 

*  Coal-fields  in  the  Northern  Shan  States  ;  Records,  Geol.  Surv.  Jnd.,  Vol.  XXIV,  Pt. 
2,  p.  09. 
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ing  the  economic  value  of  the  coal  seams  then  recently  discovered 

in  the  Namyau  and  Namma  valleys.  Dr.  Noetling's  journey  was 
made  at  an  unfortunate  time  of  year  for  geological  observations , 

for  he  visited  the  country  during  the  rainy  season,  when  every- 
thing is  buried  in  a  mass  of  rank  vegetation,  and  the  mule  tracks, 

which  were  at  that  time  the  only  means  of  communication,  are 

almost  impassable.  A  cart-road  was  then  being  made  from  Man- 
dalay  to  Maymyo  (C  4),  40  miles  distant  on  the  plateau,  and  it 
was  in  this  portion  of  his  journey  only  that  Dr.  Noetling  found 
any  fossils.  In  addition  to  these  drawbacks,  the  only  map  to 
be  had  was  one  on  a  scale  of  sixteen  miles  to  an  inch,  and  by 
no  means  accurate.  Whereas  when  Mr.  Datta  and  I  made  our 

first  traverse,  ten  years  later,  the  cart-road  had  been  extended  to 
Lashio,  and  the  earth-work  for  the  Mandalay-Kunlon  railway  had 
also  been  completed  as  far  as  that  place ;  consequently  we  had 
the  advantage  of  numerous  and  freshly  opened  cuttings,  which 
greatly  facilitated  our  observations.  Moreover,  after  the  first  season 

we  were  supplied  with  excellent  maps,  on  the  adequate  scale  of 
one  mile  to  the  inch. 

Dr.    Noetling   prefaces   his   account   of   the   geology   by  some 
.  , ,  remarks   on  the  topographical  features  of  the 

Physical  features.  .  ,  A   °  . 
plateau,  but  1  cannot  say  that  his  conclu- 

sions about  the  peculiar  arrangement  of  the  river  valleys  have 

withstood  the  test  of  more  recent  investigation.  He  says  (Op.  ext., 

p.  101)  :- 

"  The  boundary  which  separates  the  plateau-like  south  from  the  hilly  north  of 
the  country  here  described  is  marked  by  a  long  valley,  which  begins  a  few  miles 
cast  of  the  Gokteik  pass  and  runs  in  a  north-eastern  direction  to  the  Salween,  and 
probably  far  beyond  it  to  Western  China.  This  valley  has  the  peculiar  feature 
that  it  has  not  one  general  direction  of  drainage  but  three,  at  least  so  far  as  I  have 
examined  it.  Beginning  from  the  Salween,  wc  see  the  water  running  to  the  cast 
up  to  a  village  called  Hoika  about  30  to  35  miles  east  of  Lashio.  Beyond  that 
village  the  water  runs  to  the  west  as  far  as  Bawgyo,  where  it  is  met  by  a  stream 
coming  from  the  west,  joining  the  waters  coming  from  the  cast.  This  irregularity 
— the  direction  of  drainage — proves  that  the  origin  of  this  valley  must  be  u 
peculiar  one,  and  so  it  is.  The  Gokteik-Kunlon  valley  marks  a  line  of  great 
disturbance  of  the  strata  ;  two  large  faults,  or  probably  two  systems  of  compound 
faults,  running  from  the  south-west  to  the  north-east,  are  distinctly  discernible. 
Along  these  faults  the  country  was  thrown  down,  but  as  this  action  did  not  of 
course  take  place  very  regularly,  one  part  moving  perhaps  stronger  than  another, 
the  peculiarity  of  the  drainage  system  is  readily  explained.  It  is  very  common 
in  this  valley  to  meet  isolated  hills  rising  abruptly  in  its  centre  :  they  an;  nothing 
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more  than  small  parts  of  the  sinking  blocks  which  have  become  jammed. 
Sometimes  they  still  touch  both  sides  of  the  valley,  forming  a  kind  of  bar  or  ridge. 
Such  bars,  breaking  seemingly  the  continuity  of  the  valley,  are  numerous  and  of 
smaller  or  larger  extension,  and  they  account  also  in  some  degree  for  the  direction 
of  the  drainage.  A  most  perfect  instance  of  such  a  bar  may  be  seen  between 
the  villages  of  Manpeng  and  Meungyaw.  Here  the  bar  has  a  length  of  about  5 
miles  ;  the  breadth  may  be  about  the  same.  The  bar  consists  of  red  sandstone, 
resting  on  blue  limestone,  while  the  hills  on  both  sides  are  formed  of  blue  lime- 

stone. Thus  tha  lateral  boundary  between  red  sandstone  and  blue  limestone 
is  as  distinct  as  possible,  proving  plainly  the  existence  of  a  fault  on  either 
side  of  the  bar.  Similar  bars  may  be  seen  east  and  west  of  Lashio,  but  I  have 

never  noticed  them  so  clearly  discernible  as  in  the  instance  quoted  above." 

With  the  exception  of  the  short  stretch  of  the  Nam-Tu  valley 
between  Namhsim  and  Hsipaw  (F  2),  where  a  large  block  of  red 
sandstones  is  let  down  by  parallel  faults,  one  bounding  the  river 
valley  on  the  north,  and  the  other  passing  through  Loimawk,  on 
the  southern  side  of  the  hills  south  of  Bawgyo,  the  existence  of 

two  systems  of  parallel  faults  extending  the  whole  length  of  the 

Nam-Tu  and  Namyau  valleys  north-eastwards  from  Hsipaw  has 

been  found  to  be  purely  imaginary.  The  so-called  '  bar '  extend- 
ing across  the  valley  of  the  Namyau  below  Mong-yaw  is  not  a 

portion  of  the  red  sandstones  jammed  between  two  lateral  faults, 
but  is  a  continuation  of  the  band  which  arises  immediately  to 

the  east  of  Lashio,  and  may  be  traced  far  to  the  north-east  across 

the  Namyau  valley,  flanked  by  the  '  blue  limestone '  in  parallel 
sequence  on  either  side.  In  fact,  from  the  Salween  to  Hsipaw,  the 

structure  is  an  ordinary  succession  of  folds,  striking  from  north- 
east to  south-west,  across  which  the  rivers  have  cut  their  valleys 

more  or  less  diagonally.  Only  one  fault  of  importance  has  been 

noticed  in  this  part  of  the  river  course,  viz.,  at  Manlong-Mansang, 
and  this  crosses  the  river  almost  at  right  angles.  There  certainly  are 
peculiarities  in  the  drainage  system  of  the  plateau,  but  they  seem 

to  be  due  to  the  capture  by  the  Nam-Tu,  which  now  drains  prac- 
tically the  whole  area,  of  the  waters  that  once  perhaps  flowed 

eastwards  into  the  Salween. 

Dr.  Noetling  classifies  the  formations  met  with  by  him  accord- 

Dr.  Noetling's  classifi-     hig  to  the  following  list,  in  descending  order:— cation. 

6.  Alluvial  formation,  including  river  deposits  and  hill  clay. 
5.  Tertiary  formation,  probably  younger  miocene. 
4.  Red  sandstones  of  undetermined  age. 
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„  t,  ,       .    ,        , .             .  rUpper  group  :    Fymtha  hme- 
6.  .Palaeozoic  formation,  ranging  "          .,i   ,           ,  , ...    .         '  stone  with  fossils  of  lower 

probably  trom   the    cam-  .,  . f  .      /  <     Silurian  age. 
brian  to  the  upper   silu-  T                         j  i  v rL  Lower  group  :  Mandalay  lime- 
nan  system.  .,,     ,  ,  ., 
J  \_   stone  without  fossils. 

2  Submetamorphic  formation. 
1.  Gneissic  formation. 

Volcanic   rocks :  Porphyry   of  unknown  age,  granite  of  gneissic 

age. 

The  gneissic  and  submetamorphic  formations  of  this  classifica- 
tion   need    not    be  discussed    now,    but  the 

Palaeozoic  formations.  .  .         , .  .  ,    .  . 
palaeozoic   formation   requires   a    brief  notice. 

Dr.  Noetling  includes  in  his  lower  group,  the  Mandalay  limestone, 
not  only  the  crystalline  limestones  of  Mandalay  Hill  and  other 

isolated  hills  in  the  Irrawaddy  plain,  but  also  the  limestones  form- 
ing the  western  slopes  of  the  edge  of  the  plateau,  and  the  great 

bulk  of  those  on  the  plateau  itself.  But  the  discovery  of  fossils, 

including  Fusulina,  at  the  very  edge  of  the  scarp  close  to  Tonbo 
(B  5),  has  proved  that  these  limestones  are  of  very  much  later 

geological  age  than  those  of  Mandalay  and  the  Sagyin  Hills,  which 
belong  to  the  gneissic  series  of  Mogok.  And  the  whole  of  the 
great  limestone  formation  of  the  plateau  has  now  been  shown  to 
belong  to  the  Devonian  and  Carboniferous  systems,  and  therefore 

to  be  of  later  date,  than  Dr,  Noetling's  Pyintha  limestone.  This 
latter  group  also  has  been  found  to  be  only  one  member  of  a 
series  of  Ordovician  rocks,  which  are  well  exposed  in  the  broken 

country  along  the  western  edge  of  the  plateau.  A  single  de- 
terminable fossil  was  found  by  Dr.  Noetling  in  this  limestone,  and 

enabled  him  to  fix  the  age  of  the  bed  correctly  as  that  of  the 

lower  Silurian  (Ordovician)  of  northern  Russia ;  though  his  identi- 
fication of  the  fossil  as  an  Echinosphcerites,  and  his  description  of 

it  under  the  name  of  E.  Kingi,1  have  now  been  shown  to  be 
erroneous. 

The  '  red  sandstones  of  undetermined  age,'   which  occupy  a  far 
larger  area  than  was  supposed  by  Dr.  Noetling. 

Red  sandstones.  .    °  .  ,       ,  .  „ have    now    been    lound,    on    the  evidence 

of  fossils  contained  in   interbedded  bands  of  limestone,  to  be  of 

1  Field  Notes  from  the  Shan  Hill*  ;  Records,  Geol.  Surv.  Ind.,  Vol  XXIII  FV  2, 
p.  78. 
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Jurassic  age.     In   justice   to   Dr.   Noetling,   however,   it  must  be 
admittsd  that  none  of  the  limestone    bands    appear  at  all  on  the 
route  which  he  followed,  and  that  the  sandstones  themselves  seem 
to  be  almost  without  fossils. 

Regarding   the   Tertiary   formation,   with   its    coal   seams,  Dr, 
™  ..     ,  Noetling  was  strongly  inclined  to  the  opinion 
lertiary  formation.  ,        , ,    .     ,    , ,  r that  these  beds  had  been    preserved  by  being 

let  down  between  his  imaginary  faults,  and  that  they  were  con- 
fined to  those  valleys  which  run  from  south-west  to  north-east. 

Recent  surveys  of  these  coal  basins,  however,  have  shown  that  the 

silts  in  which  the  coal  seams  occur  were  deposited  after  the  present 
system  of  hill  and  valley  had  been  carved  out ;  also  that  the 

valleys  to  which  they  are  confined  radiate  from  the  highest  ground 
on  the  plateau,  and  have  no  common  direction.  Dr.  Noetling 
appears  to  have  been  in  considerable  doubt  regarding  the  age  of 
these  beds,  for  in  his  list  of  formations  he  alludes  to  them  as 

'  probably  younger  Miocene,'  whereas  elsewhere  (Op.  cit.,  p.  106)  he 
speaks  of  them  as  of  late  Tertiary  age.  The  latter  supposition  is 
probably  correct,  since  the  only  fossils  associated  with  the  coal 
seams  possess  a  very  recent  geological  aspect. 

The  pebbles  of  '  porphyry  '  mentioned  by  Dr..  Noetling  as  being 

p    ̂   found   in   the  bed   of   the  Namma  river  are 
derived  from  rocks  belonging  to  the  Bawdwin 

volcanic  series,  which  are  in  situ  on  the  southern  side  of  the  valley 

higher  up. 

During  the  field-season  of  1899-1900  a  systematic  survey  of  the 
Northern    Shan    States    was     begun    by  my 

Traverse  of  1899-1900.  AT  8  *  J colleague  Mr.  r.  JN.  Datta  and  myseli,  with  a 

traverse  along  the  cart-road  and  the  railway  line  then  in  course 
of  construction  from  Mandalay  to  the  Sal  ween.  The  results  of 
our  investigations  were  published  separately  in  the  General  Report 

of  the  Geological  Survey  for  that  year,  and  as  a  natural  conse- 
quence there  are  certain  discrepancies  in  the  interpretations  which 

each  of  us  gave  to  our  observations.  Moreover,  the  open  season 
was  no  more  than  long  enough  to  enable  us  to  journey  directly 

across  the  plateau  and  back  again  ;  and  as  the  railway  and  cart- 
road  avoid  the  broken  ground  as  far  as  possible,  more  than  one 
formation  of  great  importance  escaped  notice  altogether  or  was  very 

inadequately  described.  Thus  there  are  many  imperfections  in 
these  preliminary  reports,  and  in  some  cases  serious  alterations  and 
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additions  have  had  to  be  made  in  our  original  lists  of  formations. 

For  instance,  the  '  Tonbo  Series  '  of  Mr.  Datta,  which  both  of  us 
placed  at  the  base  of  the  fossiliferous  sequence,  has  since  been 
shown  to  be  identical,  at  least  in  part,  with  the  limestone  of 

the  plateau,  and  to  be  younger  than  the  Silurian.  Again,  one 
very  important  formation  of  Silurian  age,  the  upper  Namhsim  marls, 
which  is  touched  at  only  one  point  by  the  railway,  and  at  another 

on  the  cart-road,  received  very  little  attention ;  while  the  lower  part 
of  the  same  formation,  the  Namhsim  Sandstone,  escaped  notice 

altogether. 
Modifications  of  our  preliminary  investigations  were  made  in 

subsequent  General  Reports  of  the  Geological  Survey,  but  as  they 
are  now  superseded  by  the  present  Memoir  there  is  no  need  to 
refer  to  them  in  detail  here.  Mr.  Datta  was  associated  with  me 

in  the  survey  until  the  year  1903,  and  I  have  been  assisted  at 

different  times  by  my  colleagues  Dr.  G.  E.  Pilgrim  and  Mr.  Coggin 
Brown,  references  to  whose  work  will  be  found  in  the  following 

pages. 
Even  now  the  present  Memoir  must  be  considered,  not  as  a 

complete  account  of  the  geology  of  the  Northern 
General  considerations.      m  a,  1  1  .. 

bhan  states,  but  merely  as  a  preliminary 

attempt  to  bring  into  order  the  observations  made  by  my  col- 
leagues and  myself  ;  to  furnish  a  basis,  which  I  can  only  trust  may 

be  found  to  possess  a  certain  degree  of  stability,  on  which  future 

geologists  may  work ;  and  to  connect,  as  far  as  possible,  the 
geology  of  this  interesting  tract  with  that  of  the  surrounding 
regions.  The  area  dealt  with  in  these  pages  is  almost  twice  the 
size  of  that  of  Wales,  and  it  contains  a  sequence  of  rocks  that 
for  variety  and  complexity  of  structure  may  be  compared  with 
those  that  are  found  in  that  country,  but  with  very  few  facilities 
for  observation.  It  is  covered  for  the  most  part  with  forest, 
or  with  grass  so  tall  and  dense  that  it  is  often  impossible  to  force 

one's  way  through  it ;  traversed  by  few  roads,  and  those  con- 
structed at  the  least  possible  cost,  and  only  driven  through  rock 

when  it  is  absolutely  necessary,  while  the  same  may  be  said  of 
the  only  railway ;  while  the  mule  tracks,  the  usual  means  of 
communication,  are  little  better  than  footpaths.  There  are  no 

quarries,  which  are  of  so  great  assistance  in  countries  where 

stone  is  used  for  building  and  road-metalling,  for  every  house 
is  built  of  timber   or    bamboo    mats  ;    and    there    are  very  few 
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natural  cliff-sections  that  enable  one  actually  to  see  the  super- 
position of  the  strata.  It  must  be  remembered  also  that  the 

time  spent  in  the  field  has  been  confined  to  less  than  six 

months  in  each  year,  over  a  total  period  of  only  seven  years,  and 
has  been  barely  more  than  sufficient  to  allow  rapid  traverses  from 
point  to  point,  leaving  little  time  for  the  study  of  details  ;  and 
that  it  has  often  been  found  impossible  to  revisit  a  locality  or 
section,  even  when  observations  made  in  other  places  have  shown 
that  the  first  impressions  formed  required  modification.  Indeed  I 

may  say  that  until  the  last  day  of  my  sojourn  in  the  country,  I 
was  continually  coming  upon  fresh  facts  that  caused  me  to  alter, 
to  a  greater  or  less  degree,  opinions  I  had  previously  formed ; 
and  even  during  the  writing  of  this  Memoir  I  have  at  times  felt 
much  regret  that  I  was  unable  to  revisit  some  of  the  sections,  in 
order  to  clear  up  doubts  that  work  in  the  laboratory  has  forced 

me  to  entertain  regarding  my  interpretation  of  certain  questions. 
Imperfect  as  it  is,  this  account  of  the  geology  would  have  been 

a  mere  shadow  of  itself,  if  I  had  been  de- 

Jr£rt0l0giCal  Prived  of  the  assistance   which  I  have  received 
and  most  gratefully  acknowledge,  from  the 

labours  of  the  distinguished  palaeontologists  to  whom  the  collections 
of  fossils  made  by  my  colleagues  and  myself  have  been  entrusted 
for  description,  Miss  M.  Healey,  Mr.  F.  R.  Cowper  Reed,  Dr.  C. 
Diener,  and  Mr.  S.  S.  Buckman.  The  results  of  their  researches, 

published  in  the  Palceontologia  Indica,1  are  of  the  utmost  value, 
and  the  following  pages  will  show  to  what  an  extent  I  have 
drawn  upon  them  for  my  interpretation  of  the  geological  sequence. 
The  material  placed  at  their  disposal  was  often,  I  fear,  of  a  most 

difficult  and  ill-preserved  nature ;  but  the  consistent  character  of 
the  results  achieved  are  an  abiding  testimony  to  the  enthusiasm 
and  skill  which  have    been  devoted  to  the  work. 

In  conclusion,  I  have  only  to  express  a  hope  that  others  will 
take  up  the  work,  and  fill  in  the  details  of  this  sketch.  There 
is  no  part  of  India,  indeed  I  may  say  of  southern  Asia,  which  is 
at  the  same  time  so  accessible  to  the  geologist,  and  presents  so 

great   and   varied   a   sequence   of   fossiliferous   formations   as  this 

1  F.  R.  Cowper  Reed,  The  Lower  Palaeozoic  Fossils*  of  the  Northern  Shan  States  ; 
Pal.  Ind.,  New  Ser.,  Vol.  II,  Mem.  No.  3  ;  The  Devonian  Faunas  of  the  Northern  Shan 
States  ;  ibid,  Mem.  No.  5  :  Miss  M.  Healey,  The  Fauna  of  the  Napeng  Beds  or  the 
Rhaotic  Beds  of  Upper  Burma  ;  ibid,  Mem.  No.  4  :  Dr.  C.  Diener,  Anthracolithic  Fossils 
of  the  Northern  Shan  States    ibid,  Vol.  Ill,  Mem.  No.  4. 
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plateau.  In  order  to  reach  similar  ground  in  the  Himalaya  it  is 

necessary  to  travel  over  a  thousand  miles  from  the  sea-board  by 
rail,  and  then  march  for  many  days  by  slow  stages  through  the 
outer  hills,  before  reaching  the  field  of  operations.  Even  then  the 

fossil  if  erous  strata  must  be  sought  along  the  faces  of  mighty  pre- 
cipices in  an  extremely  rarefied  atmosphere,  where  physical  powers 

of  no  mean  order  are  requisite,  in  conjunction  with  a  trained  head 
and  steady  nerve,  to  preserve  the  collector  from  accident ;  and 

although  the  magnificence  of  the  scenery  is  some  compensation  for 
these  drawbacks,  the  labour  and  expense  of  such  an  expedition  is 
sufficient  to  deter  all  but  a  few,  and  those  for  the  most  part 

professional  geologists,  from  attempting  it.  In  the  Indian  Penin- 
sula the  only  easily  accessible  fossiliferous  rocks  are  the  plant  beds 

of  the  Gondwana  coal-fields  ;  and  though  I  would  not  depreciate 
the  interest  and  systematic  value  of  such  relics  of  the  past,  there 
is  no  comparison,  in  my  mind  at  least,  between  the  satisfaction, 
or  I  would  rather  put  it  the  joy,  of  collecting  specimens  of  leaves, 
and  that  of  knocking  out  with  the  hammer  a  trilobite  or  a 

graptolite. 
In  the  Shan  States  the  conditions  are  much  more  amenable. 

The  railway  journey  from  Rangoon,  which  is  connected  with  Liver- 
pool by  a  direct  and  excellent  line  of  steamers,  to  Maymyo,  on 

the  plateau  itself,  is  only  one  of  428  miles.  It  is  possible  to  visit 
some  of  the  most  prolific  and  interesting  fossiliferous  localities  by 

leaving  Mandalay  in  the  morning  and  returning  to  one's  hotel  the 
same  evening  ;  while  by  means  of  the  railway  most  of  the  geology 
of  the  plateau  can  be  studied  in  comfort,  and  a  little  forethought 
and  arrangement  will  enable  the  geologist  to  visit  places  at  a 
considerable  distance  from  the  line.  It  is  a  delightful  country  to 

travel  in,  one  of  open  park- like  savannahs  watered  by  clear  rivers, 
whose  waters  afford  fair  sport  to  the  angler,  and  whose  banks 
furnish  the  most  pleasant  camping  grounds.  It  is  inhabited  by  a 
peaceful,  hospitable  people,  industrious  in  their  own  way  and  much 
addicted  to  trade,  who,  if  the  traveller  can  find  no  open  spot  on 

which  to  pitch  his  tent,  will  freely  place  the  enclosure  of  their 

picturesque  monasteries  or  pagodas  at  his  disposal,  and  are  generally 
willing  to  assist  him.  The  ethnologist  would  find  a  wide  field  of 
research  open  to  him  here,  for  types  of  several  races  and  tribes 

may  be  met  with  in  the  course  of  a  single  day's  journey ;  and 
equally  so  the  zoologist  and  botanist,  for  these  subjects  have  hardly 
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yet  been  seriously  studied  on  the  spot.  The  climate,  for  at  least 
five  months  in  the  year,  is  superb,  and  even  during  the  rainy 

season  it  is  so  superior  to  that  of  the  plains  that  the  Local  Govern- 

ment has  established  its  head-quarters  at  Maymyo. 
With  all  these  advantages,  it  is  my  sincere  hope  that  other 

geologists,  and  not  only  those  whose  professional  duty  it  is  to  carry 
on  our  work,  may  be  induced  to  visit  the  country.  Among  the 

points  of  detail  that  still  remain  to  be  worked  out  I  may  men- 
tion :  the  stratigraphical  position,  distribution  and  significance  of 

the  Bawdwin  volcanic  series  ;  the  age  of  the  Chaung  Magyi  quartz- 

ites  and  slates — Dr.  Noetling's  submetamorphic  formation  ;  the 
distribution  of  land  and  sea  at  the  close  of  the  Ordovician  period 

and  the  question  whether  any  considerable  orographic  movements 
took  place  at  that  time,  concerning  which  I  have  many  doubts  ; 

and  from  a  zoo-geographical  point  of  view,  the  reason  why  we 
have,  among  these  older  rocks,  so  many  anomalous  features  in  the 
distribution  of  the  faunas  in  what  is  apparently  a  conformable 

sequence  of  strata.  The  staff  of  the  Geological  Survey  is  so  small, 
and  the  area  as  well  as  the  number  of  questions  that  we  have  to 
deal  with  is  so  large,  that  it  is  with  difficulty  that  one  man  alone 
can  be  spared  for  such  work ;  and  yet  I  am  convinced  that  if 
these  and  other  details  of  the  geology  of  this  tract  could  be  fully 

studied,  they  would  give  us  a  valuable  clue  to  the  geology  of  the 

whole  of  south-eastern  Asia.1 

1  Note. — A  few  words  may  be  added  on  the  pronunciation  of  Burmese  and  Shan 
place-names.  The  accent  is  invariably  placed  on  the  last  syllable  ;  thus  Maymyo  is  pro- 

nounced as  two  syllables,  Muy-myoo,  not  May-my-6.  Ky  (as  in  Kyauk,  a  stone  or  rock) 
should  rather  be  transliterated  Ty,  but  Europeans  generally  give  it  the  sound  of  ch  in 
church.  Gyi  ( =  great,  also  the  name  of  the  barking  deer,  perhaps  given  to  it  in  derision, 
on  account  of  so  great  a  voice  proceeding  from  so  small  an  animal)  is  pronounced  like 
the  French  fy  in  fy  suis,  and  g  followed  by  a  y  is  always  soft.  Y  following  m  is 
always — and  t  or  k  in  the  middle  of  a  word  are  usually — suppressed,  as  in  Myitnge, 
Wetwin,  Gokteik  (pronounced  Min-g&y,  We-win,  Go-teek  respectively).  Finally,  the 
modified  6  in  Mong  is  pronounced  as  if  it  were  written  Maing  ;  and  Loi  (a  hill)  as  two 
syllables,  Lo-ai. 
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PHYSICAL  GEOLOGY. 

Nearly  the  whole  area  of  the  Northern  Shan  States  is  com- 

position and  extent  Prise(i  m  sheet  4  S.  W.  of  the  quarter  inch map  of  the  Burma  Topographical  Survey,  lying 

between  Lat.  22°  and  23°  N.,  and  Long.  96°  and  98°  E.  Along 
the  western  edge  of  the  plateau  a  portion  lies  in  the  Mandalay 
Division,  but  the  rest  is  occupied  by  the  Native  State  of  Hsipaw 

with  its  dependencies  Tawng-peng  and  Mong  Long  on  the  north, 
and  Mong  Tung  on  the  south,  and  by  North  and  South  Hsenwi. 

Over  the  greater  portion  of  this  area  the  plateau-like  character 
of  the  country  is   well  marked.     On  the  west 

The  plateau.  ...       .    *  ,    ...  _ 
the  hills  rise  boldly  from  the  plains  of  the 

Irrawaddy,  forming,  as  seen  from  Mandalay,  an  almost  unbroken  line 

of  jungle- covered  scarps  extending,  as  far  as  the  eye  can  see,  from 
north  to  south  and  reaching,  in  the  neighbourhood  of  Maymyo,  that 
is,  in  a  distance  of  about  23  miles  as  the  crow  flies,  an  elevation 

of  about  4,000  feet  above  the  sea.  It  will  be  noticed,  on  making  the 
journey  between  the  two  places  by  railway,  that  the  ascent  is  not 
altogether  abrupt,  but  proceeds  by  a  series  of  steps,  of  which  the 

most  conspicuous  is  that  between  Zebingyi  and  Thondaung  stations. 
The  more  or  less  level  stretches  of  ground  between  these  various  ascents, 

such  as  the  one  on  which  Zebingyi  station  stands,  are,  as  will  be 
seen  in  the  sequel,  portions  of  the  main  plateau  that  have  been  let 
down  by  a  succession  of  parallel  faults,  running  in  a  north  and 
south  direction. 

Beyond  Maymyo,  although  the  word  plateau  is  generally  used 

General  features  to  designate  tne  aspect  of  the  country,  it  is by  no  means  a  dead  level,  in  fact  there  is 

very  little  really  level  ground  over  the  whole  area.  The  surface  may 
be  more  correctly  described  as  undulating,  not  unlike  that  of  the 

'  downs  '  of  Southern  Eng'and,  with  a  tendency  to  the  formation  of  more 
or  less  gently  sloping  expanses  of  even  ground,  but  seldom  actually 
level  for  any  considerable  distance.     From  Maymyo  eastwards  the 
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general  elevation  gradually  falls  to  the  plain  in  which  Hsum-Hsai 
(Thonze)  (C  3)  is  situated.  East  of  this  there  is  an  abrupt  rise, 
crossed  by  the  railway  at  Kyaukkyan,  to  the  Nawnghkio  plateau, 
which  is  traversed  from  north  to  south  by  the  profound  and  narrow 

canyon  known  as  the  Gokteik  (Shan.  Ho  Kiit)  Gorge.  This  plateau 

extends  as  far  east  as  Pyaung-gaung  and  Kyauk-me  (E  2),  beyond 
which  there  is  a  gradual  descent,  flanked  both  to  the  north  and 

south  by  high  ground,  to  the  valley  of  the  Nam-Tu  (Burm.,  Myitnge) 
at  Hsipaw  (F  2).  South  and  east  of  this  place  the  country  is 
very  hilly,  but  beyond  these  hills  again  a  plateau  extends  from  the 

Nam-Tu  to  the  lofty  peaks  of  Mong  Tung  in  the  south-east,  to 
Loi  Ling  (8,771  feet,  the  highest  mountain  on  the  plateau)  (Plate  1) 
and  the  ranges  bordering  the  Salween  on  the  east,  and,  with  some 

breaks,  to  the  north-east  beyond  Lashio. 

Practically  the  whole  of  the  area  that  may  be  called   '  plateau  ' 
is    occupied    by    one    formation,    a  dolomitic 

Rock  formation.  ,.       ,  f  -n  i         •  ■  i       ■«  i 
limestone  of  Palaeozoic  age,  which  will  be  more 

fully  described  hereafter,  and  it  is  to  the  peculiar  form  of  disin- 
tegration which  this  rock  has  undergone  that  the  main  features  of 

the  plateau  are  due. 

To  the  north  the  plateau  is  bounded  by  a  tract  of  exceedingly 

hilly  country,  in  which  the  rocks  are  entirely 
Boundaries    of    the    0f  pre-Devonian  age.     The  boundary  is  very 
plateau.  irregular.     Starting   from   Maymyo,    which  it 
approaches  very  closely,  it  turns  abruptly  north  to  Kalagwe  (C  2), 

on  the  road  to  the  Ruby  Mmes,  from  which  point  it  runs  south-east, 
to  the  head  of  the  Gokteik  gorge.  From  here  it  runs  north  in  zig- 

zag fashion  till  the  Namhsim  is  reached  beyond  Pyaung-gaung  (E  3), 
and  then,  crossing  this  river  and  the  Nam-Tu  above  Hsipaw,  it 
extends,  parallel  to  the  latter  river,  for  an  unknown  distance 

to  the  north-east.  The  boundaries  of  the  eastern  portion  of  the 

plateau,  in  the  ne'ghbourhood  of  Lashio,  are  not  so  well  defined, for  in  this  direction  the  limestones  are  thrown  into  more  or  less 

regular  folds,  and,  in  association  with  the  older  palaeozoics,  form  high 
ranges  of  hills.  Even  here,  however,  whenever  the  limestones 

cover  any  large  stretch  of  country,  they  have  a  tendency  to  form 

broad  undulating  expanses,  recalling  all  the  features  of  the  main 

plateau. 



PHYSICAL  GEOLOGY. 

15 To  the  south  the  plateau  merges  into  that  of  the  Southern  Shan 

States,   the  geology  of  which  is  only  imper- Southern  boundary.        .    , ,      ,  ^  ,  , .  ,  -, 
tectly  known.  i<or  a  long  distance  eastwards 

from  the  edge  of  the  plateau  near  Mandalay,  the  boundary  of  the 

Northern  States  follows  the  profound  gorge  of  the  Nam-Tu,  to  the 
point  where  this  river  turns  northwards  towards  Hsipaw.  Beyond 

this  there  is  no  well-defined  physical  boundary,  the  line  being 
drawn  entirely  for  political  purposes. 

The  river  system  of  the  plateau  is  not  very  complicated.  Nearly 
the  whole  area   is   drained  by  one  river,  the 

River    system,    the    Myitnge   of  the  Burmese,   or  Nam-Tu  of  the 
Shans,  and  its  affluents.  This  river  takes 

its  rise  in  the  State  of  North  Hsenwi,  in  Lat.  23°  20',  Long.  98°  15', 
within  20  miles  of  the  Salween.  It  at  first  flows  westwards  to 

Mong-tat,  in  about  Long.  97°  30',  where  it  turns  abruptly  to  the 
south,  and  traverses  the  hilly  country  north  of  the  plateau  in  a 

deep  and  very  narrow  valley,  issuing  from  these  hills  a  few  miles 

to  the  north  of  Hsipaw,  in  Lat.  22°  37'.  It  is  then  joined  by  a 
large  river  from  the  north-east,  the  Nam-ma,  which  unites  the  waters 
of  three  considerable  streams,  the  Nam-mi,  draining  the  hills  to  the 
north,  the  Nam-yau,  and  the  Nam-pawng,  both  of  which  rise  among 
the  hills  to  the  ea&t  of  the  plateau,  within  a  short  distance  of  the 

Salween.  Below  the  junction  of  the  Nam-ma  with  the  Nam-Tu, 
above  Hsipaw,  the  combined  rivers  follow  the  direction  of  the 

former,  i.e.,  south  of  east,  to  Bawgyo  (F  2),  where  another  large 

tributary,  the  Nam-hsim,  coming  from  the  State  of  Tawng-peng  to 
the  north,  joins  in.     There  is,  however,  some 

^Change  in    course  of    eyidence  to  ghow  that  jn  former  timeg   the  Mm_ 
Tu,  instead  of  joining  the  Nam-ma  above 

Hsipaw,  as  it  does  at  present,  followed  an  independent  course 

from  the  point  where  it  leaves  the  hills  at  Ta-ti  ferry,  6  miles 
north  of  that  place,  to  Bawgyo.  An  account  of  the  supposed  change 
in  the  course  of  the  river,  and  the  causes  that  led  to  it,  will  be 

found  in  the  Records  of  the  Geological  Survey  (Vol.  XXXIII,  Pt.  1). 

The  original  bed  of  the  river  seems  to  have  been  raised  by  an 
accumulation  of  boulders  and  gravel  in  front  of  the  point  where 

it  leaves  the  hills  at  Ta-ti,  until  it  reached  such  a  height  that  the 
river  broke  through  the  sandstone  hills  to  the  south-east  along  a 
ravine  excavated  by  two  small  side  streams  flowing  into  the  Nam-Tu 

and  Nam-ma  respectively,  and  deserted  its  former  channel. 
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At  the  mouth  of  the  Nam-hsim  the  main  river  again  turns  to 
.  .         the  south,  and  flows  in   a  gradually  deepening 

Lower  course  of  river.        .  °  *  n channel  to  the  southern  border  of  the  States, 

in  about  Lat.  22°  15',  Long.  97°  15'.  Here  it  receives  a  large 
stream  from  the  south-east,  the  Nam-hka,  which  drains  the  northern 
and  western  flanks  of  the  lofty  isolated  mass  of  Loi  Pan,  in  the 

sub-state  of  Mong  Tung.  It  then  again  runs  westwards  to  the  lower 
end  of  the  Gokteik  gorge,  where  it  is  joined  by  the  Nam-panhse. 
which,  coming  from  the  north-west,  drains  with  its  numerous  small 
tributaries  the  hilly  country  to  the  south  of  the  Euby  Mines 

District.  At  this  point  the  Nam-Tu  again  turns  due  south,  for 
about  24  miles,  and  then  flows  westwards,  with  a  very  irregular 

course,  issuing  from  the  hills  at  Kyetnapa,  about  14  miles  south- 
east of  Mandalay.  Below  the  mouth  of  the  Gokteik  gorge  it 

receives  no  tributaries  of  any  importance,  except  the  Hpawng-aw, 
which  drains  the  plain  of  Hsum-Hsai,  and  is  joined,  not  far 
above  its  confluence  with  the  main  river,  by  the  Ke-laung,  which 
rises  at  Maymyo. 

It  was  mentioned  above  that,  below  the  mouth  of  the  Nam- 

hsim,  near  Bawgyo,  the  valley  of  the  Nam-Tu Gor'Tc  of  the  Myitn<*e. 
gradually  becomes  deeper.  At  Tong-ang  ferry, 

20  miles  to  the  south,  the  river  already  runs  between  lofty  cliffs 
of  limestone  rising  to  between  200  and  300  feet  above  the  water, 
but  below  this  the  channel  becomes  a  profound,  narrow  gorge, 
with  nearly,  often  quite  perpendicular  sides,  through  which  the 
water  dashes  in  a  succession  of  foaming  rapids  and  long,  deep, 

gloomy  pools,  to  which  the  light  of  the  sun  seldom  penetrates, 

except  at  mid-day.  At  the  mouth  of  the  Gokteik  gorge  the 
channel  has  reached  a  depth  of  about  2,000  feet,  but  from  here 

the  fall  does  not  increase  so  rapidly,  though  the  river  is  nowhere 

navigable  except  for  short  distances  by  dug-out  canoes  or  bamboo 
rafts. 

One  or  two  points  of  special  interest  regarding  the  development 
of   this   river    may   be   noted.     In   the  first 

Recent  development  of    place  its  course  is  almost  entirely  confined  to 
the  formation  known  as  the  Plateau  limestone. 

In  only  one  portion  of  its  course,  in  the  long  meridional  traverse 
to  the  north  of  Hsipaw,  does  it  run  for  any  considerable  distance 
through  the  older  Palaeozoic  rocks  underlying   this  limestone,  though 

iu  the  deep  gorge  below  Tong-ang  it  cuts  transversely  through  them 
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in  more  than  one  place.  It  may  be  observed  that,  throughout 

the  gorge  above  Hsipaw,  the  course  of  the  river  is  parallel  to  a 
great  overthrust  fault,  which  strikes  almost  due  north  and  south 
through  the  rocks  at  a  short  distance  to  the  west,  and  that  the 
plane  of  this  fault  is  inclined  eastwards  towards  the  river.  Also 

that  the  spurs  from  the  hills  on  the  western  bank  slope  down 
gradually  towards  the  gorge,  whereas  on  the  eastern  bank  the  rocks 

form  a  true  scarp,  rising  almost  vertically  from  the  water's  edge 
to  a  height  of  some  1,500  feet.  Moreover,  it  is  significant  that 

remnants  of  old  river  terraces,  consisting  of  well-worn  boulders  and 
pebbles,  are  found  on  the  western  slopes  to  a  height  of  200  or  300 

feet  above  the  present  river  level,  while  on  the  eastern  side  no 

recent  boulder  or  pebble  beds  have  been  noticed.  It  seems  prob- 
able, therefore,  that  when  the  river  originally  took  this  direction,  and 

was  flowing  at  a  much  higher  level  than  at  present,  it  took 
advantage  of  the  great  dislocation  mentioned  above,  and  began  by 

excavating  its  course  along  it,  and  that,  fo. lowing  the  general  dip 

of  the  "strata,  which  is  easterly,  it  has  gradually  cut  back  to  its 
present  position.  It  seems  not  unlikely,  too,  that  when  the  river 
first  began  to  flow  in  this  direction,  the  limestone,  which  now 
crowns  the  scarp  on  the  eastern  bank,  extended  considerably 
further  westwards,  and  that   the   valley   originated  as   a  limestone 

gorge- 
Besides  the  great  overthrust  fault  mentioned  above,  there  are 

^         f  f   ̂   several  other  faults  of  a  normal  kind  which have  assisted  in  determining  the  course  taken 

by  the  river.  Some  of  these  faults  must  be  of  rather  recent  de- 
velopment, speaking  in  a  geological  sense,  for  they  still  form  con* 

spicuous  surface  features.  Such  are  the  fault  scarps  along  the  north- 
ern edge  of  the  Hsipaw  valley  ;  a  fault  running  along  the  Nam-Tu 

valley  for  several  miles  above  Tong-ang  ferry  ;  and  the  great  fault 
scarp  running  south  from  Kyaukkyan  (D  3),  which  forms  such 
a  conspicuous  feature  in  (lie  landscape  as  we  descend  from  Maymyo 

towards  Hsum-Hsai.  At  the  point  where  the  Nam-Tu  crosses  this 
fault  the  river  is  suddenly  deflected  northwards,  forming  a  narrow 

loop  of  several  miles  m  length. 

The  frequent  sudden  changes  in  the  course  of  the  Nam-Tu,  and 
the  fact  that  in  almost  every  case  where  such 

Relation  to  trilmtaiies.  ,  .  .  .       .  . 
a  change  in  direction  occurs,  a  considerable 

tributary  joins  the  main    stream,  and    the  combined    waters  follow 
o 
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that  of  the  tributary,  seem  to  suggest  that  the  original  drainage  of 
the  plateau  was  more  complex  than  it  is  at  present,  and  that  the 
courses  of  these  rivers  were  in  former  times  more  independent  of 
each  other.  The  present  Nam-Tu  seems  to  be  the  result  of  a 

'  cutting-back  '  of  one  river,  which  has  gradually  invaded  the 
valleys  of  the  other  streams,  and  turned  them  into  its  own  channel. 

This  action  was  no  doubt  aided  by  the  numerous  dislocations 
affecting  the  mass  of  limestone  forming  the  plateau,  of  which  there 
appear  to  be  two  systems,  more  or  less  at  right  angles  to  each 
other.  If  this  view  is  correct,  the  Nam-Tu,  as  we  find 
it  at  present,  is  as  a  whole  of  later  date  than  some  of  its 

tributaries.  The  original  courses  of  these  tributaries  cannot  now 

be  detected,  owing  to  the  peculiar  nature,  to  be  described  below, 

of  the  denudation  that  the  limestone  of  the  plateau  has  under- 

gone.1 
The  '  cutting  back  '  action  of  the  streams  along  the  edge  of  the 
,  plateau,   is  well  shown   in  the   case   of  that Sedaw  gorge.  .  . 

which  issues  from  the  western  scarp  at  Sedaw 

(B  5),  where  the  railway  begins  the  ascent  to  Maymyo  by  a 

series  of  zig-zags.  This  gorge  extends  eastwards  parallel  to  the 
railway  to  within  a  few  miles  of  Maymyo,  and  for  the  greater  part 

of  its  length  is  of  great  depth,  flanked  on  either  side  by  perpendi- 
cular cliffs  of  limestone.  At  the  head  of  the  gorge  the  cliffs  draw 

together,  forming  a  roughly  defined  cirque,  over  which  the  stream 
plunges  in  a  cataract  several  hundred  feet  high.  Above  this  the 
valley  is  open,  and  the  stream  sluggish.  Its  source  is  in  the  hills 
north  of  Maymyo,  which  lies  on  the  watershed  between  this  stream 

and  the  Ke-laung,  a  tributary  of  the  Nam-Tu.  Should  the  cutting 
back  action  at  the  head  of  this  gorge  continue,  it  will  in  time 

capture  part  of  the  area  drained  by  the  Ke-laung,  and  if  the  latter 

1  Perhaps  the  comparatively  recent  origin  of  the  course  of  the  Nam-Tu  may  be  the 
source  of  a  legend  current  among  the  Palaungs,  a  people  inhabiting  the  hilly  country  of 
Tawng-peng.  According  to  this,  the  river  was  brought  into  existence  by  a  Chinese 
Princess  named  Nang  Hkam  Long,  possessed  of  miraculous  powers,  who  visited  the  Shan 
States  on  a  raft  which  she  could  cause  to  travel  in  any  direction  she  pleased,  by  pro- 

ducing water  in  front  of  it.  Coming  to  Loi  Hpra,  a  hill  in  Tawng-peng,  she  wished 
the  Sawbwa,  or  chief  of  the  State,  to  marry  her  ;  but  was  rejected  by  him  on  the  plea 
that  '  her  bosom  indicated  old  age,'  and  that  he  already  possessed  too  many  wives. 
Repulsed  by  him,  she  proceeded  to  Hsipaw,  where,  she  was  apparently  entertained 
more  hospitably,  and  thence  to  Ava  ;  and  the  Nam-Tu  marks  the  course  of  her 
journey.  The  Palaungs  believe  that  if  their  Sawbwa  had  not  beon  so  ungallant,  the 
river  would  have  rim  bv  Loi  Hpra,  and  that  their  country  would  not  be  so  mountain 
ous  (J.  (J.  Scott,  Gazetteer  of  Upper  Burma  and  the  Shan  States  Part  I.  Vol. 
p.  -188) 
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were  an  important  river,  considerable  changes  would  be  introduced 
into  the  river  system  of  the  country. 

The  Salween,  forming  the  eastern  boundary  of  the  settled  portion 

of  the  Northern  Shan  States,1  does  not,    n  spite 
The  Salween.  .  .  ..    .  ,  '  r  . of  its  size  and  importance,  play  much  part  in 

the  river  system  of  the  plateau.  It  has  already  been  remarked  that 

the  Nam-Tu  and  its  eastern  tributaries,  the  Nam-yau,  the  Nam-ma, 
and  the  Nam-hka,  all  rise  within  a  short  distance  of  the  Salween, 
which  receives  no  affluents  of  much  importance  in  its  course 

through  these  States.  The  Nam-pang,  the  head- waters  of  which 
drain  the  eastern  and  southern  slopes  of  Loi  Ling  in  South 

Hsenwi,  properly  belongs  to  the  Southern  Shan  States,  and  enters 
the  Salween  a  long  way  to  the  south,  in  the  State  of  Keng  Hkam. 

For  a  very  long  distance  above  the  point  where  the  Salween 

enters  the  Shan  States,  indeed  as  far  north  as  we  possess  any  de- 
finite information  about  the  river,  it  presents  the  same  characters 

as  in  British  territory.  It  occupies  in  Yunnan,  where  it  is  known 

as  the  Lu  Kiang,  a  long,  deep,  trough-like  valley,  closely  com- 

pressed between  the  'Nmai  kha,  or  eastern  branch  of  the  Irrawaddy, 
the  Shweli  further  south,  and  the  Mekhong,  and  receives  no  tribu- 

taries except  mere  mountain  torrents.  Its  main  catchment  area  lies 

well  to  the  north  of  the  sources  of  the  Irrawaddy,  indeed  it  is 

spoken  of  as  a  '  great  river '  by  the  French  missionaries  who  were 

for  some  years  stationed  near  it  about  Lat.  28°  20',  or  roughly 
on  the  parallel  of  the  sources  of  the  Irrawaddy.  Prince  Henri 

d' Orleans  mentions  that,  where  he  crossed  the  Lu  kiang,  in  about 
Lat.  26°,  the  waters  of  this  river  are  easily  distinguished  from  those 
of  the  Lan-tsang  kiang,  or  Mekhong,  by  reason  of  the  dirty  grey 
colour  of  the  former.  This  seems  to  indicate  that  the  Salween 

rises  in  a  land  of  glaciers,  perhaps  somewhere  near  the  Kuen  Lun 
mountains. 

It  may  be  remarked  that  the  Salween,   throughout  its  whole 
course,    flows    through  palaeozoic   or  Archaean 

Ancient  origin  of  the  rocks,  and,  unlike  the  Irrawaddy  or  the  Hima- Salween.  ,  .  rf  . layan  rivers,  it  does  not  issue  into  a  broad 

plain  composed  of  Tertiary  or  Kecent  deposits,  but  maintains  the 

deep,  rocky,  trough-like  character  of  its  valley  to  within  a  few 
miles  of  the  sea  coast  at  Moulmein.     It  is  much  more  effective, 

1  The  country  east  of  the  Salween  in  this  latitude  is  occupied  by  wild  hill  tribe known  as  the  Wa  (or  Lawa),  and  has  not  yet  been  brought  under  control. 
c  2 
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therefore,  as  a  denuding  agent  than  either  the  Irrawaddy  or  the  Mek- 
hong,  for  these  rivers  lose  their  power  of  eroding  the  rocks  where 
they  issue  into  the  plains,  that  is,  at  a  much  greater  distance  higher 
up  their  course,  relatively  speaking,  than  in  the  case  of  the 
Salween.  To  this  cause  may  be  attributed  the  great  depth  of  its 
valley  as  compared  with  those  of  the  Mekhong  and  the  tributaries 
of  the  Irrawaddy,  where  these  run  parallel  to  it  in  Yunnan.  Captain 
Gill  says  that  on  the  road  between  Bhamo  and  Tali,  where  he 
crossed  it  in  1877,  the  bed  of  the  Salween  was  1,300  feet  lower  than 

that  of  the  Mekhong,  and  nearly  2,000  feet  below  that  of  the 
Shweli.  These  considerations  lead  to  the  conjecture  that  the 
Salween  is  of  far  greater  age  than  either  of  the  other  rivers,  and 
that  the  narrowness  of  its  valley  is  due  to  the  encroachment  of 

these  latter  upon  its  original  drainage  area.  It  is  perhaps  only 
the  great  depth  of  its  valley  which  has  saved  it  from  being  diverted 
into  one  or  other  of  the  channels  on  either  side  of  it. 

The  curious  circumstance,  that  the  tributaries  of  the  Salween 

in  the  Shan  States  usually  enter  the  river  by  a  cascade  or  cataract, 

mentioned  by  Sir  J.  G-.  Scott  (Gazetteer  of  Upper  Burma,  Part  II, 
Vol.  Ill,  p.  93),  may  be  partly  due  to  a  more  rapid  erosion  of  its 

bed  than  the  side  streams  can  keep  pace  with,  but  is  more  prob- 
ably caused,  as  Sir  George  Scott  himself  suggests,  by  the  enormous 

rise  of  the  river  during  the  rains,  which  is  on  an  average  between  60 
and  70  feet.  This  rise  would  pond  back  the  waters  of  the  side  streams 

and  cause  them  to  drop  their  burdens  of  gravel  and  boulders  at  their 
mouths. 

The  effect  that  the  geological  structure  and  composition  of  the 

Effect  of  rock  forma-    r0cks  has    in    modifying    the  forms  assumed 
tion  on    character    of    by  the    stream    valleys    may  be  well  studied 
streams-  in   the  Shan  States.     On   the  plateau  proper, 
where  limestone  is  the  prevailing  rock,  denudation  proceeds  more  or 

less  evenly  over  the  whole  great  deal  of  it  beng  subter- 
ranean, due  to  solution  of  the  limestone.  The  insoluble  matter 

contained  in  the  rock  remains  on  the  surface,  and  forms  a  thick 

mantle  of  red  clay,  through  which  the  solid  rock  only  appears  at 

intervals.  The  smaller  valleys  are  broad  and  shallow,  with  gently 

sloping  sides,  and  are  usually  traversed  by  sluggish  streams,  often 
bordered  by  morasses.  It  is  only  where  several  streams  have  united 
and  have  sufficient  power  to  cut  through  the  covering  of  clay,  that 

the  rocks  beneath  are  exposed,  and  then,  if  the  conditions  are  other- 
wise; favourable,  a  narrow  gorge,  bordered  by  precipitous  cliffs  of 
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limestone,  and  choked  with  masses  ot  rock  fallen  from  either  side, 

is  formed.  The  deposition  of  travertine,  or  calcareous  tufa,  in  all 
the  streams  is  very  rapid.  In  some  cases  it  raises  the  level  of  the 
stream  bed  to  such  an  extent,  in  the  shallower  valleys,  that  the 
water  breaks  away  to  one  side  or  the  other,  and  a  network  of 
anastomosing  channels  is  formed,  resembling  that  usually  associated 
with  deltaic  conditions. 

The  most  conspicuous  example  of  this  feature  is  to  be  seen  in 

the  broad  valley  in  which  the  town  of  Hsum-Hsai  (Burnt.,  Thonze) 
is  situated,  where,  on  the  cart-road  and  railway,  an  extraordinary 
number  of  culverts  and  bridges  has  had  to  be  constructed  (see  Fig. 

11,  p.  338).  All  these  streams  eventually  drain  into  the  single 

channel  of  the  Hpawng-aw,  which  flows  into  the  Nam-Tu  through 
a  narrow  limestone  gorge. 

The  scenery  of  the  plateau  has  a  peculiar  character  of  its  own  : 
,  ,     ,  there  are  no  very  conspicuous  features,  except 

Scenery  of  the  plate.au.       .  .         ,    '  1  .  , 
where  a  fault  has  depressed  one  portion  ot  the 

surface  relatively  to  that  of  another,  and  has  left  a  precipitous  scarp 
of  limestone,  extending  in  a  direct  line  for  many  miles,  whitened  by  an 
accumulation  of  travertine  depending  in  thick  curtains  from  the  cliffs, 
or  where  a  river  has  excavated  a  narrow,  picturesque  gorge.  It  is  a  coun- 

try of  gentle  declivities,  and  rounded  interlacing  hillocks,  covered,  as  far 
as  the  eye  can  see,  after  the  rainy  season,  with  a  dense  matting 

of  elephant  or  Tcaing  grass,  interspersed  in  places  with  low  scrub 
jungle,  and  in  others  with  park  like  savannahs  of  scattered  oak 
trees  (Plate  2).  It  is  in  fact  not  unlike  parts  of  the  downs  of  England, 

or,  having  regard  to  the  deep  red  colour  of  the  soil,  to  the  rolling  hills 
of  Herefordshire.  So  well  marked  is  this  character  of  the  scenery, 

that  one  may  be  perfectly  sure,  on  finding  oneself  in  such  surround- 
ings, that  the  formation  beneath  the  soil  is  the  Plateau  Limestone, 

even  where  an  outcrop  of  the  solid  rock  is  only  to  be  found  after 

diligent  search.  The  description  of  the  prevailing  scenery  in  the 

Southern  Shan  States  given  by  Mr.  Fedden1  shows  that  it  possesses  the 
same  features.  He  also  compares  it  to  that  of  the  downs  of 
England  or  the  farm  land  of  Devon. 

The  hills  that  rise  in  places  above  the  general  level  of  the 
plateau  exhibit  an  entirely  different  type  of 

Non-plateau    type   of  ,  •      ,!  i 
sc-nory.  scenery,  due  to  the  difference  in  (lie  character 

of  the   rocks.     The   change  from  one  type  of 

i  Sel.  Sec.  Gov.  I  ml.,  SXLliX,  y.  :i8. 
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scenery  to  the  other  is  always  abrupt,  and  the  contrast  is  exceedingly 
striking.  AVithin  a  few  hundred  yards  we  proceed  from  the  undulating, 
somewhat  tame,  though  pretty,  scenery  of  the  plateau,  into  a  land  of 

deep,  narrow  V-shaped  valleys,  clothed  on  either  hand  with  dense  forest, 
often  of  pines  (P.  khasija),  which  are  never  found  growing  naturally 
on  the  Plateau  Limestone.  The  crests  of  the  spurs  and  ridges 

dividing  the  valleys  are  equally  narrow,  mere  knife-edges  along  which 
there  is  often  only  just  room  for  a  mule  track.  Here  the  trend 

of  the  streams  has  the  closest  relation  with  the  geological  structure, 
their  direction  as  a  rule  following  the  strike  of  the  folds  into 
which  the  older  Palaeozoic  and  Archaean  rocks  composing  these  hills 
have  been  thrown ;  though  in  some  cases  they  cut  directly  across 
the  strike.  The  contrast  between  the  two  types  of  drainage  affected 
by  the  hill  ranges  and  the  plateau  may  be  well  seen  in  the  region 

drained  by  the  Nam-panhse  and  its  tributaries,  which  unite  at 
the  head  of  the  Gokteik  gorge.  Here  there  is  a  general  tendency 

for  the  streams  to  flow  in  a  south-east  direction,  which  is  that  of 
the  prevailing  strike  of  the  older  rocks,  until  they  reach  the  wall 

of  precipitous  scarps  forming  the  edge  of  the  plateau,  where  they 

collect  in  the  Nam-Tang,  which  follows  this  line  of  cliffs  to  the 
head  of  the  gorge,  where  it  joins  the  Nam-panhse,  also  flowing  from 
the  north-west  along  the  line  of  strike.  As  the  train  crosses  the 
great  viaduct  that  spans  the  Gokteik  gorge,  a  very  fine  view  of 

these  contrasting  features  may  be  obtained  from  the  railway.  Imme- 
diately to  the  north  is  seen  a  mass  of  sharp,  inverted-V  shaped 

spurs,  densely  wooded  from  base  to  summit,  while  on  either  hand 
is  the  undulating  surface  of  the  plateau,  broken  only  by  the 
line  of  stupendous  cliffs  extending  along  each  side  of  the  gorge. 

Along  the  western  edge  of  the  plateau,  where  denudation  has 

Western  edge  of  the  Par%  removed  the  covering  of  limestone,  
and 

plateau.  exposed  the  older  Palaeozoic  rocks  beneath,  the 
forms  of  the  valleys  combine  the  two  types 

described  above.  Where  the  streams  have  cut  back  at  right  angles  to 

the  face  of  the  scarp  we  have  narrow  gorges,  like  that  of  the  Sedaw 
river  described  above,  bordered  by  precipitous  cliffs  and  cirques, 

but  where  they  have  removed  the  covering  of  limestone,  as  in 

the  country  between  the  Sedaw  river  and  the  Chaung  Magyi,  or 

Maddeya  River,  they  flow  in  deep  V-shaped  valleys,  in  a  due  north 
and  south  direction,  which  is  that  of  the  strike  of  the  older  rocks  in 
this  area. 
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The  limestone  plateaux  of  the  Shan  States  differ    in   one  im- 
portant respect  from  the  ordinary  Karst,  as  such 

Red  clay  of  the  plateau.      .  '  „  _  . 
plateaux  are  usually  called,  alter  the  well- 

known  district  of  that  name  in  Carinthia.  Instead  of  the  broad 

expanses  of  barren  rock,  with  hardly  any  vegetation  except  the 
ferns  and  mosses  that  find  a  habitation  in  the  numerous  fissures, 

typical  of  a  true  Karstgebiete,  we  very  seldom  find,  in  the  Shan 
States,  even  a  moderately  sized  area  of  bare  rock  visible  at  the 
surface.  The  whole  country  is  buried  in  an  accumulation  of  red 
clay,  varying  in  thickness  from  a  foot  or  two  to  as  much  as  30 

or  40  feet,  or  even  greater  depths.  It  is  only  where  a  spring 
issues  from  the  limestone,  and  has  washed  away  the  clay  as  quickly 

as  it  is  formed,  thus  preventing  its  accumulation ;  or  in  the  beds 
of  the  streams ;  or,  again,  where  the  edges  of  harder  strata  of 

lime-stone  protrude  through  the  covering,  that  the  solid  rock  is 
visible. 

One  phenomenon,  however,  this  region  possesses  in  common  with 
all  limestone  plateaux.     This  consists  in  the 

Swallow-holes      and    occurrence,  often  over  large  areas,  of  depres- Kesseltaler.  7  . 
sions  in  the  surface,  the  drainage  in  which 

passes  underground.  These  depressions  vary  greatly  in  size,  from 

'  pipes  '  of  a  few  feet  in  diameter  to  '  swallow-holes  '  (Plate  4)  and 
funnel-shaped  '  punch-bowls '  (Brunnenformige  and  Trichterformige 
Dolinen),  of  which  the  latter  are  by  far  the  most  common,  and 
from  these  to  enclosed  valleys  several  miles  in  length  and  breadth, 

traversed  by  running  streams  (Kesseltaler)  (Plate  3).1 

The  smaller  '  punch-bowls  '  are  usually  found  in  greatest  number 
t  along  the  crests  of  limestone  scarps,  where  the 

water  finds  an  easy  outlet  on  the  face  of  the 

cliffs,  as,  for  instance,  along  the  edge  of  the  great  scarp  that  runs 

south  from  the  railway  at  Kyauk-kyau,  near  Nawnghkio,  to  the 
Nam-Tu.  In  other  cases  they  have  no  obvious  connection  with  any 
scarp,  and  then  are  generally  of  larger  dimensions.  A  large  numbet 
of  depressions  of  this  nature  occurs  on  the  wide  plateau  lying  south 

1  There  seems  to  be  no  good  equivalent  in  English  for  the  German  term  '  Kcsseltal  1 
as  applied  to  a  limestone  district.  The  translation  '  caldron-' or  'subsidence  valley 
has  been  used  to  denote  a  phenomenon  of  a  different  character  (Quart.  Jour.  Gcol.  Soc, 
Vol.  LXV,  p.  'ill),  ,i  subsidence  caused  by  a  single  encircling  fault;  while  the  Knglish 
torm  'Devil's  punch-bowl  '  applied  to  the  comparatively  small  hollows  oi  this  kind  met with  on  the  chalk  downs  is  hardlv  appropriate  in  connection  with  a  valley  several  miles 
long  and  w  ide. 



LA  TOUCHE  :   GEOLOGY  OF  NORTHERN  SHAN  STATES. 

of  the  Nam-Pawng,  between  Hsipaw  and  the  Loi  Pan  range  of  hills 
(Plate  5).  The  drainage  from  these  probably  finds  its  way  into  the 
Naai-Pawng. 

The  cause  of  the  extraordinary  abundance  of  these  depressions 
seems  to  lie  in  the  intensely  crushed  condition  of 

hok'sTncl  punch-bowls!  tue  limestone,  which  will  be  referred  to  in  greater 
detail  when  this  formation  is  under  description 

(see  below,  p.  93).  As  the  underground  solution  of  the  rock  proceeds, 
the  whole  mass  settles  down,  but  more  rapidly  in  those  places  where 
the  subterranean  drainage  finds  a  ready  passage  ;  and  since  the  rock  is 
in  too  shattered  a  condition  to  support  its  own  weight,  the  caverns 
which  we  would  expect  to  find  in  a  limestone  tract  are  not  formed, 

but  in  such  places  the  surface  is  constantly  in  a  state  of  subsidence. 

The  Plateau  Limestone  in  the  Northern  Shan  States  is  almost  entirely 
in  the  crushed  condition  mentioned  above,  and 

•  Caverns  and  natural  consequently  open  caverns  are  of  very  rare 
occurrence.  The  well-known  cavern  in  the 

Gokteik  gorge,  beneath  the  railway  viaduct,  is,  as  I  have  shown 

elsewhere,1  not  hollowed  out  of  the  solid  rock,  but  is  roofed  over 
by  a  deposit  of  travertine  adhering  to  the  cliffs  on  either  side. 

There  are  several  of  these  so-called  '  natural  bridges  '  in  the  Shan 
States,  and  in  some  cases  the  roof  may  be  of  solid  rock.  This 

appears  to  be  so  with  the  one  on  the  Nam-sam  stream,  about 
three  miles  north-west  of  Hsipaw,  though  here  also  the  rocks 

at  either  end  of  the  '  bridge  '  are  greatly  obscured  by  deposits  of 
travertine. 

The  band  of  Permo-Carboniferous  (Productus  and  Fusulina)  lime- 
stone that  is  found  at  the  top  of  the  Plateau 

(  arbuni"crousmMmestone.  Limestone  does  not  seem  to  have  been  affected to  the  same  extent  by  crushing,  but  is  more 

compact  and  homogeneous  in  texture.  This  limestone  usually  forms 

sharp  pinnacles  or  tabular  masses  with  vertical  sides,  scored  with  open 
fissures  which  give  them  a  characteristic  rugged  appearance,  as  seen 
from  a  distance,  and  among  these,  no  doubt,  caverns  would  be 
found  b\  careful  search.  These  limestones  are  not,  however,  greatly 

developed  in  the  Northern  States,  but  are  now  the  merest  remnants  of 

1  Nnte  on  the  Natural  Bridge  in  the  Gokteik  Gorge,  Records,  Geol.  Surv.  Ind.,  Vol. 
XXXIII,  J't.  1,  p.  4<J. 
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what  must  have  been  a  widespread  formation.  In  the  Southern 

States  they  have  not  been  denuded  away  to  the  same  extent,  and  in 

that  part  of  the  country  caverns  are  said  to  be  of  common  occur- 

rence, though  I  am  not  aware  that  any  of  them  have  been  exjjlored.1 
Several  large  caverns  occur  in  the  same  limestone  far  to  the  south, 
near  Moulmein  in  the  Amherst  District  of  Lower  Burma,  and  have 

been  described  by  more  than  one  writer.2 

The  cave  of  Shwe  Male,  near  the  foot  of  the  hills  about  8  miles 

east  of  the  Irrawaddy  at  Singu,   above  Man- 
Cavern  at  Shwe  Male.       ,  ,  .  ..    ,   .      met?    1       o-     TT        *  17-  1 

dalay,  was  visited  in  looo  by  bir  Henry  Yule 
and  Dr.  T.  Oldham,  who  have  given  a  very  full  description  of 

it.3  This  cavern,  however,  is  not  in  the  Plateau  limestone  but  in 
the  crystalline  limestone  associated  with  the  Archaean  rocks  of  the 
Ruby  Mines  District. 

The    larger    depressions    or    '  caldron-valleys  '    (Kesseltaler)  are 
,    , ,  found  along  the  flanks  of  the  ranges  to  the 

Origin  of  caldron-valleys.  ,#,11,  i  ,,1-  , east  01  the  plateau,  where  the  limestone  has 

been  thrown  into  folds  together  with  the  underlying  rocks,  and 
has  then  been  denuded  from  the  crests  of  the  anticlinals,  so  that 

we  have  on  either  side  a  more  or  less  precipitous  scarp  of  limestone 

facing  the  central  ridge  of  the  range.  The  streams  flowing 
down  ravines  in  the  latter  strike  against  this  wall  of  limestone,  and 

find  their  way  through  it  underground,  issuing  in  the  deeper  valleys 
beyond.  In  this  way  enclosed  valleys  are  excavated,  varying 
in  size  from  mere  ravines  a  few  hundred  yards  across,  to  a  valley 
like  that  in  which  the  village  of  Lukhkai  (II),  on  the  south  side 

of  the  range  east  of  Lashio,  is  situated  (Plate  3).  This  valley  is 
about  4  miles  in  length  by  2|  in  breadth,  and  contains  more  than 

one  subsidiary  depression  or  '  swallow- hole  '  within  its  area  (Plate  4). 
In  these  valleys  the  stream  that  flows  through  them  generally  disappears 
abruptly  beneath  a  vertical  wall  of  limestone  into  the  mouth  of  a 

small  cave,  but  in  other  cases  there  is  no  visible  outlet,  the  water 
soaking  through  the  soil  that  fills  the  bottom  of  the  hollow,  which 
becomes  a  morass  during  the  rainy  season. 

1  See  Middlemiss,  in  Gen.  Report,  Oeol.  Surv.  Ind.,  1899-1900,  pp.  131,  138. 
2  \V.  l'oley,  Notes  on  the  Geology,  etc,  of  the  Country  in  the  Neighbourhood  of 

Maulamyeng  (vulg.  Moulmein),  Journ.  As.  Soc.  Beng.,  Vol.  V,  p.  273,  1836. 
S.  It.  Tickell,  itinerary  through  t he  southerly  portions  of  the  district  of  Amherst, 

Province  of  Tenasserim,  ibid,  Vol.  XXVIII,  p.  425,  1859. 
8  A  Narrative  of  the  Mission  to  the  Court  of  Ava  in  1855,  pp.  177,  330.  London,  1858. 
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There   are   no   lakes   actually   existing   in   the   Northern  Shan 

,  ,  ,    .  States,  but  it  is  probable  that  the  coal-basins Ancient  lake  basins.  j-ti-j  r  1  11  i  •  i 
or  Lasnio,  etc.,  were  formerly  open  lakes,  which 

were  entirely  silted  up  in  late    Tertiary  times,    or  were  drained 

by  the  deepening  of  the  channels  of  the  rivers  which  flow  through 
them. 

From  a  sketch  by  the  author. 

Fig.  1.    The  Nam  Tu  at  Hsipaw. 



CHAPTER  III. 

GEOLOGICAL  FORMATIONS. 

In  order  to  present  as  complete  a  review  as  possible  of  the 
geological  history  of  the  Northern  Shan  States, 

Introductory  remarks.  j-r         ,  •  1    1    n    •  ,i 
certain  formations  are  included  m  the  present 

description  that  are  not  actually  found  within  the  borders  of  the 
States,  the  boundaries  of  which  have  been  drawn  for  political 
rather  than  physical  reasons.  These  formations,  the  gneisses  and 
associated  crystalline  rocks  of  the  Euby  Mines  District  and  of 

Mandalay,  constitute  the  foundation  upon  which  all  the  succeeding 
series  of  strata  have  been  built  up,  and  are  therefore  included  in 

the  list  given  below.  Much  still  remains  to  be  done  in  working 
out  the  geological  relations  and  structure  of  these  ancient  rocks  in 
the  field,  and  of  their  chemical  and  microscopic  characters  in  the 

laboratory  ;  for  hitherto  they  have  been  examined  only  in  the  vicinity 
of  Mogok,  the  centre  of  the  ruby  mining  area.  The  character 
of  the  rocks  as  seen  in  the  field  in  this  neighbourhood  were 

studied  in  1887  by  Mr.  C.  Barrington  Brown,  who  was  sent  out  by 
the  Secretary  of  State  for  India  for  that  purpose,  and  the  collec- 

tions of  rock  specimens  and  minerals  made  by  him  were  sub- 
mitted to  Professor  J.  W.  Judd,  who  made  a  searching  examination 

of  their  petrographic  and  genetic  characters ;  the  result  of  their 

labours  being  a  joint  paper  published  in  the  Philosophical 

Transactions  of  the  Koyal  Society,1  to  which  further  reference  will 
be  made  below. 

My  own  acquaintance  with  these  crystalline  rocks  has  been  con- 
fined to  one  or  two  rapid  traverses  across  the  country  occupied  by 

them,  and  my  observations  were  for  the  most  part  made  with  the 
view  of  ascertaining  and  mapping  the  boundaries  of  the  area.  I 
was  therefore  not  able  to  collect  sufficient  material  or  data  for  a 

complete  and  critical  account  of  the  petrography. 
T.  ±     ,   ,      x.  The  formations  that  have    been  identified  in List    01    formations.  . 

the  area  surveyed  are  the  following,  m  des- 

cending order : — 

1  The  Rubies  of  Burma  and  Associated  Minerals  :  their  Mode  of  Occurrence,  Origin, 
and  Metamorphoses.  A  Contribution  to  the  History  of  Corundum.  Phil.  Trans  Roy 
Soc.  London,  Vol.  L87A,  p.  151.  1897. 

'For  an  abstract  of  this  papor  see  Proc.  Roy.  Soc.  London,  Vol.  LVll,  p.  387. 
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In  compiling  this  list  I  have  thought  it   advisable  not  to  adopt 

Nomenclature  c^ass^ficati°n  °f  ̂ne  systems  proposed  by  Sir T.  Holland  in  the  Summary  of  Indian  Geology 

published  in  the  latest  edition  of  the  Imperial  Gazetteer  of  India 

(Vol.  I,  Chap.  II).1 
That  classification  is  intended  to  apply  to  the  peculiar  conditions 

existing  in  the  Indian  Peninsula  and  the  Himalaya ;  where,  as 

Sir  T.  Holland  explains  (Op.  cit.  p.  10),  the  chief  post-Archaean 
breaks  do  not  correspond  to  those  on  which  the  European  nomen- 

clature is  founded.  Thus  the  only  break  of  first  importance  in 

the  sequence  of  fossiliferous  rocks  in  India,  separating  the  Dravi- 

dian  from  the  Aryan  Group,  took  place  at  about  the  Permo-Car- 

boniferous  stage,  when  "  there  was  a  pronounced  revolution  in  the 
physical  features  of  the  Indian  area."  In  the  Shan  States,  on  the 
contrary,  deposition  was  more  or  less  continuous  from  lower  Or- 
dovician  times  to  the  close  of  the  Permo-Carboniferous  stage,  when 
a  great  interruption  occurred  corresponding  to  that  between  the 
Palaeozoic  and  Mesozoic  periods  in  Europe.  Indeed,  it  was  even 
more  pronounced  in  the  area  now  described,  for  the  whole  of  the 

Trias,  unless  we  include  the  Rhaetic  with  that  system,  is  not  re- 

presented at  all.  There  seems,  therefore,  to  be  no  need  in  the  pre- 
sent instance  to  depart  from  the  nomenclature  that  has  been  well 

established  by  common  usage. 

1  Simla,  Government  Central  Printing  Office,  1904. 
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ARCHAEAN. 

Mogok  Gneiss. 

The  southern  boundary  of  the  gneissic  area  in  the  Kuby  Mines 
District  is  fairly  well  defined,  by  the  valley 

Sout  em  boundary.       ̂     ̂ e    Nam-pai    (Nampi    or    Mobi  Chaung), 
which  separates  the  district  from  the  Shan  State  of  Mong  Long 

(Mainglon)  (C  1)-  F°r  a  short  portion  of  its  course,  to  the  north- 
east of  the  town  of  Mong  Long,  the  river  flows  through  the  gneiss, 

but  as  a  rule  the  latter  is  confined  to  the  hills  on  the  northern 

bank,  which  extend  in  a  succession  of  parallel  ranges  from  north- 
east to  south-west,  the  direction  of  the  prevailing  strike  of  the 

gneiss  with  its  associated  bands  of  limestone.  As  we  proceed 
northwards,  the  ranges  increase  in  elevation,  their  crests  rising  to  a 
height  of  4,000  to  6,000  feet  above  the  sea,  until  they  reach  7,514 

feet  in  Taung  Me  (Toungnee,  C.  B.  B.),  immediately  above  Mogok, 
(Fig.  2,  p.  44),  overlooking  the  broad  level  plain  of  the  Shweli  river. 

The  northward  and  north-eastward  extension  of  this  crystalline  rock 
mass  has  not  been  surveyed  beyond  the  limits  of  the  area  mapped 
on  the  one  inch  scale,  but  there  is  no  doubt  that  it  is  continuous 

with  the  gneisses  of  the  country  north  of  Bhamo,1  and  of  south-western 

Yunnan,  where  they  possess  a  similar  N.E.-S.W.  strike.2 
To  the  south  of  the  Ruby  Mines  District  the  gneisses  occupy 

the  whole  of  the   country  between  the  Nam- W  estem  boundary.  ,  .      .  ,■»«•  i  i 
rek  or  Chaung  Magyi  river  (Mobaychoung, 

C.  B.  B.),  as  the  Nam-pai  is  called  in  the  lower  parts  of  its  course, 
and  the  Irrawaddy.  The  Chaung  Magyi  is  at  the  same  time  the 
boundary  between  the  Mandalay  District  and  the  Shan  States  and 

roughly  speaking,  between  the  gneiss  and  the  Lower  Pahoozoic  rocks. 

In  this  area  the  strike  is  still  south-west,  but  on  the  western  bank 
of  the  Irrawaddy  it  turns  due  south,  and  these  rocks  form  the 

narrow  range  of  hills  running  parallel  to  the  river  which  has  its 

1  C.  L.  Griesbach,  Geological  Sketch  of  the  country  north  of  Bhamo  ;  Records,  Oeol. 
Surv.  Ind.,  Vol.  XXV.  Pt.  3,   p.  127. 

2  L.  v  Loezy,  in  Gral  Bela  Szcchcnyi's  Rcise  in  Os(;isicn,  Vol.  [,  p.  776. 
0 
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termination  at  Sagaing,  opposite  Mandalay.  The  change  of  strike 
takes  place  near  Wabyudaung  (Wapudoung,  C.  B.  B.)  (A  1)  about  13 
miles  to  the  east  of  the  Irrawaddy,  and  is  perhaps  the  cause,  through 
torsion  of  the  strata,  of  the  extraordinary  broadening  of  the  bands 
of  limestone  in  that  neighbourhood,  as  shown  in  the  map  attached 

to  Mr.  Barrington  Brown's  paper.  On  the  eastern  bank  the 
Palaeozoic  rocks  of  the  Shan  plateau  come  right  down  to  the 
plains  of  the  Irrawaddy,  and  the  Archaean  gneisses  are  found  to 
occur  only  in  a  few  outlying  hills  rising  abruptly  from  the  alluvium, 

including  the  Sagyin  hills,  mainly  composed  of  the  crystalline  lime- 

stone, which  is  largely  quarried  as  statuary  marble,1  and  Mandalay 
Hill,  which  consists  of  the  same  limestone,  traversed  by  veins  of 

granite. 
The  gneisses  appear  again  at  the  foot  of  the  plateau  scarp  at 

Kyaukse,  where  there  are  large  marble  quarries,  25  miles  south  of 
Mandalay,  and  beyond  this  they  form  a  continuous  band,  from 
12  miles  upwards  in  width,  along  the  edge  of  the  Southern  Shan 

plateau,  extending  to  the  sea  near  Moulmein.2 
The  following  account  of  the  gneisses  and  associated  rocks  and 

minerals  of  the  Ruby  Mines  area  is  taken  from  the  abstract  of  the 

paper  by  Mr.  C.  Barrington  Brown  and  Professor 
Petrography.  j  ;y  to  aW  (p   2?)  ._ 

"  The  general  mass  of  gneissic  rocks  composing  the  mountainous  district 
in  which  the  ruby  localities  are  situated  are  of  intermediate  chemical  com- 

position, and  consist  of  biotite-gneisses,  biotite-granulites,  and,  more  rarely, 
biotite-schists — rocks  in  which  hornblende  is  rare  or  altogether  absent,  but 
which,  on  the  other  hand,  are  often  remarkably  rich  in  garnets.  Neither 
corundum  or  spinel  have  been   certainly  detected  in  these  rocks. 

"  Interfoliated  with  these  ordinary  gneissic  rocks,  which  form  the  great  mass 
of  the  mountains,  we  find  rocks  of  much  more  acid  composition,  including 
very  coarse  pegmatites  and  graphic  granites,  aplites  and  granulites  (leptynite 
or  Weiss-stein),  granular  quartzites,  and  orthoclase-epidote  rocks.  The  ortho- 
clase  of  these  rocks  frequently  contains  inclusions  of  fibrolite  and  other  minerals  ; 

it  often  exhibits  the  '  murchisonite '  modification  and  partings,  and  is 
not  unfrequently  converted  into  '  moonstone  ';  still  more  complete  alterations 
of  the  orthoclase  into  epidote,  muscovite,  and  kaolin  being  by  no  means 
uncommon.  In  the  rubellite  district  of  Nyoungouk  these  acid  rocks  contain 
pink  and  blue  tourmaline  (rubellite  and  indicolite),  often  beautifully  zoned, 
and  it  is  probably  from  rocks  of  this  class  that  the  fine  gem  rubellites  are 
derived. 

1  Dr.  T.  Oldham,  Appendix  to  Yule's  Mission  to  Ava,  1858,  p.  326. 
C.  L.  Griesbach,   Notes  from  the  Geological  Survey  of  India  ;  Records,  Ge.ol.  Sun; 

Ind.,  Vol.  XXIX,  pp.  9,  60. 
*  C,  H.  Middlomias,  in  General  Rep.  Qcol.  Surv.  Ind.,  1899-1900,  p.  128 
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"  Of  still  greater  interest  are  certain  other  subordinate  rocks  of  basic  and 
sometimes  ultra-basic  composition.  These  include  the  remarkable  pyroxene 
gneisses  and  pyroxene-granulites,  which  have  in  recent  years  been  described 
as  occurring  in  so  many  widely-scattered  regions — such  as  Ceylon,  Southern 
India,  Central  and  Southern  Europe,  Norway  and  Sweden,  Brittany,  Spain, 
Algeria,  Eastern,  Western,  and  Southern  Africa,  the  United  States  and  Canada, 
Brazil,  and  New  Caledonia.  In  these  rocks  the  felspars  are  for  the 
most  part  basic  ones,  near  to  anorthite  ;  the  crystals  almost  always  exhibit 

the  phenomenon  described  by  French  petrographers  as  'quartz  of  corrosion', 
and  the  partial  or  complete  transformation  of  these  felspars  into  scapolite 

('  werneritisation  ')  can  frequently  be  traced.  The  ferro-magnesian  silicates  are 
represented  by  many  varieties  of  augite  (sahlite,  diopside,  and  aegerine),  of 
enstatite  (bronzite  and  hypersthene),  and  more  rarely  of  hornblende.  Garnets 
are  a  frequent  and  abundant  constituent  in  many  of  these  rocks,  which,  in 
their  accessory  minerals  and  their  structures  often  exhibit  many  features 
of  striking  interest.  By  the  gradual  disappearance  of  the  felspars  from  these 
rocks,  they  pass  into  remarkable  varieties  of  pyroxenites  and  amphibolites.  The 
chief  varieties  of  these  rocks,  which  are  now  described  from  Burma,  are  the 
following  : — Augite-gneiss  (with  sahlite,  green  diopside,  etc.),  augite-granulites 
(very  rich  in  garnet),  enstatite -gneiss  (with  bronzite  or  hypersthene),  enstatite- 
granulites  (rich  in  garnet)  scapolite-gneisses,  scapolite-granulites,  pyroxenites 
and  amphibolites  of  many  varieties,  and  lapis-lazuli  (lazurite-diopside-epidote 
rock).    Many  of  these  rocks  contain  crystals  of  calcite  scattered  through  them. 

"  It  is  with  these  basic  rocks,  and  more  especially  with  the  ultra-basic 
types  last  mentioned,  that  the  remarkable  crystalline  limestones  that  contain 
the  rubies  and  spinels  are  most  intimately  associated  ;  indeed  the  passage  of 
rocks  consisting  of  various  silicates  with  a  few  calcite  crystals  into  masses 
principally  composed  of  calcite,  but  with  the  silicate  minerals  and  oxides 
dispersed  through  them,  is  of  the  most  insensible  kind.  Some  of  the  ruby- 

bearing  limestones  are  highly  micaceous  ('  cipollinos  ')  ;  others  are  '  calciphyres,' 
in  some  of  which  the  individual  calcite  crystals  attain  enormous  dimensions. 
With  the  rubies  and  spinels  are  found  a  great  number  of  oxides  and  silicates 

both  original  and  secondary,  with  much  graphite  and  pyrrhotite." 
****«*»» 

"  The  association  of  minerals  in  the  remarkable  crystalline  limestones  of 
Burma  is  worthy  of  the  most  careful  consideration.  Corundum — in  its  various 
forms  of  ruby,  sapphire,  white  sapphire,  oriental  amethyst,  orintal  topaz, 
etc. — is  found  associated  with  red,  purple,  brown,  black  and  other  spinels,  the 
relative  proportions  of  the  minerals  composed  of  aluminium  oxide  and  of  mag- 

nesium aluminate  being  very  variable.  The  other  minerals  present  in  the 
crystalline  limestones  are  zircon  (rare) ;  garnets  (abundant  in  some  places)  ; 
a  remarkable  blue  apatite ;  felspars,  of  many  species  and  varieties  (including 
murchisonite,  moonstone,  sunstone,  etc.),  and  in  every  stage  of  alteration  ; 
quartz  (in  many  varieties,  and  exhibiting  some  remarkable  peculiarities  of 
crystallisation)  ;  micas  (phlogopite,  fuchsite,  with  muscovite  and  other  second- 

ary and  so-called  hydro-micas)  ;  hornblende  and  arfvedsonite ;  augite  (sahlite, 
diopside,    and    aegerine) ;    enstatite    (bronzite  and  hypersthene)  ;  wollastonite  ; D  2 
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lapis-lazuli ;  fibrolite  ;  scapolite  ;  with  graphite  and  pyrrhotite.  In  addition 
to  muscovite  and  other  secondary  micas,  we  find  the  following  alteration  pro- 

ducts : — Diaspore,  margarite  and  other  clintonites,  chlorites,  vermiculites,  and 
carbonates. 

"  It  is  a  noteworthy  circumstance  that  none  of  the  silicates  combined  with 
fluorine  and  boron  compounds — such  as  topaz,  tourmaline,  chondrodite  and 
humite,  axinite,  or  datholite — have  been  certainly  detected  in  these  limestones.1 
Beryl  (aquamarine)  and  danburite  have  been  said  to  occur  in  the  ruby  earths, 
but  there  is  reason  for  doubting  the  correctness  of  the  statement.  The  lime- 

stone which,  in  the  association  of  minerals  found  in  it,  most  closely  resembles 
the  rock  of  Burma,  is  the  remarkable  white  limestone  of  Orange  County, 
N.  Y.,  and  Sussex  County,  N.  J.,  but  in  the  American  rock  the  corundum 
and  spinels  are  associated  with  tourmalines  and  chondrodites. 

"  In  considering  the  question  of  the  origin  of  the  ccrundums  and  spinels 
of  Burma,  there  are  several  very  important  facts  to  be  borne  in  mind.  The 
gems,  when  found  in  situ,  always  appear  to  occur  in  the  limestone,  and 
this  limestone  is  of  a  very  remarkable  character.  There  are  no  facts  which 
point  to  the  conclusion  that  the  limestone  was  originally  of  organic  origin, 
but  many  circumstances  suggest  that  it  may  have  been  formed  by  purely 

chemical  processes  going  on  at  great  depths  within  the  earth's  crust.  The 
highly-crystalline  calcareous  rock,  besides  containing  so  many  silicates  and 
oxides,  associated  is  in  the  most  intimate  manner  with  pyroxene -gneisses  and 
granulites  containing  anorthite,  and  with  various  pyroxenites  and  amphibolites. 
The  lime  felspars  and  lime-soda  felspars  of  these  rocks  show  the  greatest 
tendency  to  undergo  change — passing  into  scapolites  by  the  process  known  as 
'  werneritisation,'  and  eventually  giving  rise  to  the  separation  of  calcium  car- 

bonate and  hydrated  aluminium  silicates.  That  from  the  last  mentioned 
salts  the  hydrated  oxides  of  aluminium  (diaspore,  gibbsite,  bauxite,  etc.)  may 
be  separated  has  been  shown  by  the  studies  of  Liebrich  and  others,  while 
the  conversion  of  these  substances  into  the  anhydrous  aluminium  oxide  has 
been  shown  to  take  place  by  H.  St.  Claire  Deville,  Stanislas  Meunier,  and 
others. 

"  Of  still  greater  interest  than  the  question  of  the  origin  of  the  corundums 
and  spinels  are  the  problems  connected  with  the  remarkable  changes  that 
these  minerals  undergo  in  deep-seated  rock  masses.  The  rubies  of  Burma, 
when  found  in  situ  in  the  limestones,  are  usually  seen  to  be  enveloped  in  a 
mass  of  materials  produced  by  the  alteration  of  their  superficial  portions. 
Nearest  to  the  unaltered  gem  is  a  zone  of  diaspore — the  hydrated  aluminium 
oxide — and  this  is  found  to  pass  insensibly  into  various  hydrous  aluminous 
silicates — margarites  and  other  clintonites,  vermiculites,  muscovites,  kaolinites, 
etc.  While,  in  some  instances,  the  corrosion  of  the  rubies  appears  to  have 
gone  on  in  a  seemingly  irregular  manner,  in  the  majority  of  cases  a  very 
definite  mode  of  metamorphosis  may  be  detected  by  the  study  of  the  various 

examples.  There  are  evidently  certain  planes  of  '  chemical  weakness  '  (analo- 
gous to  the  cleavage  planes,    gliding    planes,  and  other  directionk  of  physical 

1  In  the  crystalline  limestone  of  the  Manwe-Naniazeik  ruby  tract  in  the  Kacbin  Hills 
chondrodite  and  tourmaline  are  both  found,  according  to  Dr.  Bleeck.  (Rubies  in  the 
Kacbin  Hills  ;  Records,  Geol.  Surv.  Ind.,  Vol.  XXXVI,  Pt.  3,  p.  lt>7). 
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weakness)  along  which  decomposition  goes  on  most  readily.  The  principal 
of  these  solution  planes  is  the  basal  plane,  and  parallel  to  it  we  find  the 
gems  eaten  away  in  a  series  of  step-like  surfaces.  Other  less  pronounced 
planes  of  chemical  weakness  exist  parallel  to  the  prism  faces.  Unaltered 
corundum  is,  like  quartz,  destitute  of  true  cleavage,  and  breaks  with  a  per- 

fectly conchoidal  fracture.  If,  however,  gliding  planes  and  lamellar  twinning 
be  developed  in  corundum  (like  those  so  easily  produced  in  the  same  way  in 
calcite),  parallel  to  the  fundamental  rhombohedron  of  the  crystals,  then  these 

gliding  planes  become  '  solution  planes,'  along  which  chemical  action  takes 
place  most  readily.  Along  the  primary  or  secondary  solution  planes,  hydra- 

tion of  the  aluminium  oxide  takes  place,  and  disapore  is  formed,  as  shown  by 
Lawrence  Smith  and  Genth,  and  this  unstable  mineral  enters  into  combina- 

tion with  silica  and  other  oxides  present  to  give  rise  to  the  numerous  pseudo- 
morphs  of  corundum,  which  are  so  well  known  to  mineralogists." 

In  the  paper  published  in  extenso  in  the  Philosophical  Transac- 
tions, Professor  Jiidd  gives  further  details  regarding  the  supposed  origin 

of  the  limestone  from  the  alteration  of  the  unstable  scapolite  con- 

tained in  the  basic  gneisses,1  and  it  must  be  said  that,  given  no 
possibility  of  the  mass  of  the  limestone  having  been  of  sedimentary 
origin,  the  theory  put  forward  seems  to  be  quite  convincing.  But, 

diffident  as  I  feel  in  criticising  the  conclusions  of  so  high  an  author- 
ity as  Professor  Judd,  I  must  say  that  the  result  of  my  own 

observations  in  the  field  has  led  me  to  entertain  considerable  doubt 

as  to  the  adequacy  of  the  explanation  given  to  account  for  the 

formation  of  such  enormous  masses  of  practically  pure  calcite. 
The  manner  in  which  these  bands  of  limestone  occur  in  the  field 

is  so  much  in  agreement  with  their  having  been  originally  com- 
ponents of  a  sedimentary  series,  associated  along  a  particular  zone 

with  rocks  of  igneous  origin  (whether  intrusive  or  contemporary 

cannot  now  be  determined,  owing  to  the  intense  pressure  and  dis- 
location to  which  the  whole  complex  has  been  subjected),  that  it 

would  require,  to  my  mind,  the  very  clearest  evidence  to  show 
that  they  could  never  have  been  sedimentary  rocks.  As  Mr. 

Barrington  Brown  has  shown,2  they  occur  only  along  a  particular 
zone  in  the  gneisses,  and  within  this  zone  they  appear  to  have 
consisted  of  several  continuous  bands,  which  have  been  broken  up 
and  drawn  out  by  earth  stresses  in  such  a  manner  that  they  now 

present  the  appearance  of  a  number  of  greatly  elongated,  lenticular 
masses,  each  individual  band  dying  out  completely  at  intervals, 
but  continued  en  echelon  across  the  country ;  much  as   veins  of 

Loe.  cit.,  p.  214. 
Loc.  cit.,  p.  150  scq. 
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calcite  or  quartz  are  seen  to  have  been  drawn  out  into  lenticular 

'  eyes  '  in  a  rock  mass  that  has  been  subjected  to  great  pressure  and 
torsion.  The  presence  of  the  narrow  bands  of  gneiss  in  the  limestone, 

described  by  Mr.  Barrington  Brown,  1  seems  also  to  me  to  militate 

strongly  against  the  acceptance  of  Professor  Judd's  theory,  for  it  is 
not  easy  to  see  how  these  bands  could  have  escaped  the  alteration 

which,  according  to  that  theory,  has  entirely  destroyed  the  gneiss 
on  both  sides  of  them.  It  is  true  that  Professor  Judd  does  not  assert 

that  the  calcite  has  been  entirely  crystallised  in  situ,  for  he  adds  to 

his  explanation  of  the  process  by  which  the  original  felspars  of  the 

basic  gneisses  have  been  transformed  into  scapolite,  by  '  Werner  - 
itisation,'  and  from  that  to  calcite  by  ordinary  decomposition,  the 
words2  : — 

"  If  this  be  the  case,  it  is,  of  course,  necessary  to  suppose  that  the 
calcium  carbonate  has  been  often  transported  to  new  localities  in  solution,  while 
the  basic  aluminium  and  other  silicates  have  in  some  cases  been  broken  up, 
so  as  to  give  rise  to  tlie  formation  of  corundum,  spinel,  and  the  various 
other  minerals  occurring  in  the  limestone  or  in  the  rocks  so  closely  associated 

with  it." 
If  such  a  transference  of  the  carbonate  of  lime  has  taken  place, 

and  if  this  re-distribution  of  that  mineral  is  supposed  to  account 
for  the  thick  bands  of  practically  pure  calcite  now  to  be  seen, 
the  theory  would  seem  to  require  that  the  anhydrous  alumina  should 

have  been  transported  in  the  same  way  by  solution  and  re-deposition. 
Otherwise  the  gems  would  not  now  be  found  in  the  body  of  the 

limestone.  Surely  these  minerals  would  have  been  left  behind, 

and  should  now  be  found  in  the  gneiss  bordering  on  the  lime- 
stone, where,  it  is  quite  certain,  they  do  not   occur  at  all. 

The  cipolins  of  Ceylon,  which  are  also  associated  with  pyroxenic 

Crystalline  limestones  gneisses,  have  been  described  by  M.  Al. 
of  Ceylon.  Lacroix,3  but  no  complete  account   is  given  of 
the  genesis  of  the  limestones.  M.  Lacroix  remarks  (Records,  p.  195) 

that  at  Cornigal  (Kornegalle)  elliptical  masses  occur  in  the  cipolins 
made  up  of  a  mixture  of  different  minerals  and  presenting  a  composition 

closely  comparable  to  that  of  the  pyroxenic  gneisses  of  the  same  region, 
and  infers  that  they  have  been  derived  from  the  cipolins.    In  this  case 

1  Loc.  cit.,  p.  175. 
2  Loc.  cit.,  p.  215. 
3  Gneissose  rocks  of  Salem  and  Ceylon  ;  Bull,  dc  la  Soc.  Franc,  dc  M inerdlogie,  XII 

(1880) ;  translated  by  Mr.  F.  R.  Mallet  in  Records,  Ottol.  Surv.  Ind.,  Vol.  XXIV,  Pt.  3 
(1891). 



ARCHAEAN. 39 

the  process,  according  to  M.  Lacroix,  would  be  the  reverse  of  that 

which  is  supposed  by  Professor  Judd  to  have  taken  place  in  the  form  - 
ation  of  the  Kuby  Mines  limestone. 

An  important  contribution  to  the  discussion   of  the  origin  of 
such  crystalline  limestones  has  been  furnished 

Crystalline  limestones    ,     _       T     _      J,  ,      T  ., 

in  the  Dharwar  system,  by  Dr.  L.  L.  termor.1  In  this  paper  the 
genesis  of  the  limestones  is  attributed  to 

causes  similar  to  those  put  forward  by  Professor  Judd,  that  is,  they 

are  considered  to  have  been  formed  by  the  alteration  of  pre-existing 

rocks  containing  lime  and  magnesia  silicates,  the  process  necessi- 
tating the  introduction  from  without  of  carbon  dioxide  dissolved 

in  heated  waters.  Dr.  Ferm.or  was  led  to  this  conclusion  by  the 
similarity  between  the  mineral  constituents  of  the  calciphyres  and 

of  the  quartz-pyroxene  gneisses  of  the  district,  and  though  he  does 
not  go  so  far  as  to  say  that  the  limestones  have  been  derived 

directly  from  the  gneisses  by  chemical  alteration,  he  thinks  that 

they  may  have  originally  possessed  practically  the  same  composi- 
tion. Since  this  paper  was  written,  however,  Dr.  Fermor  has 

considerably  modified  his  opinion,  and  in  order  to  account  for  the 

presence  of  carbon  dioxide  in  sufficient  quantities  to  effect  the 

change  into  crystalline  limestone,  he  supposes  that  in  the  first  in- 
stance the  Dharwar  rocks  of  Chhindwara  consisted  of  sediments, 

partly  calcareous  ;  that  these  were  converted,  under  conditions  of 
high  temperature  and  pressure,  into  calcareous  gneisses,  with  the 
expulsion  of  large  quantities  of  carbon  dioxide  ;  that  the  gas  so 
expelled  was  kept  in  solution  at  a  high  temperature  and  pressure 
in  the  waters  impregnating  the  rocks  ;  and  finally,  that  as  soon  as 

these  conditions  abated,  the  waters,  charged  with  alkalies  in  addi- 
tion to  the  carbon  dioxide,  began  to  attack  the  recently  formed 

gneisses,  and  to  re-convert  them  into  limestones.  Dr.  Fermor' s 
ultimate  conclusion  is,  therefore,  that  whatever  may  have  been  the 
changes  through  which  the  crystalline  limestones  of  Chhindwara 

have  passed,  they  may  have  been  in  the  first  instance  sedimentaiy 
deposits  ;  whether  these  were  formed  by  chemical  deposition,  or 
whether  the  carbonate  of  lime  was  accumulated  by  living  organisms, 
is  another  question,  but  it  is  one  that  has  no  particular  bearing 

on  the  present  argument. 

1  Notes  on  the  Potrology,  etc.,  of  Glihindwara  District,  Central  Provinces  ;  Records. 
Oed.  Surv.  Ird.,  Vol.  XXXIII,  Pt.  3,  p.  150. 
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The  presence  of  graphite  in  the  limestone  might  be  considered 
D  ,      , .,        as  a  strong  argument  in  favour  of  attributing Presence  of  graphite.  .         .  .  . 

an  organic  origin  to  the  latter,  but  since  it 
has  been  discovered  that  graphite  occurs,  apparently  as  an  original 
constituent,  in  some  igneous  rocks,1  and  is  not  uncommonly  to  be 

found  in  Archaean  gneisses  and  schists,  it  is  not  possible  to  rely  on 
its  occurrence  in  these  limestones  as  a  proof  of  their  having  been 
organically  formed  in  the  first  instance,  without  convincing  evidence 

of  some  other  kind,  which  is  not  forthcoming.  Whether  the 

carbon  was  originally  provided  by  organic  matter  or  not,  it  is  cer- 
tain that  it  has  been  in  a  state  of  fusion,  for  according  to 

Holland,2  the  graphite  in  the  limestone  of  Sagyin,  which  is  identical 
with  that  of  the  Ruby  Mines,  when  heated  after  treatment  with 

fuming  nitric  acid,  exhibits  the  phenomenon  known  as  '  sprouting,  ' 
and  this  property  has  been  shown  by  Moissan3  to  be  confined  to 
graphite  that  has  crystallised  from  fusion. 

It  is,  however,  not  at  all  necessary  to  call  in  the  aid  of  or- 

.    ,      ,         ganisms  to  account  for  the  formation  of  lime- Alternative  hypothesis.  ,      .  ,  .  ... 
stone  strata,  and  there  is  nothing  impossible 

in  the  inclusion  in  a  complex  of  sedimentary  and  igneous  rocks  of 

Archaean  age,  previous  to  the  existence  in  any  form  of  living  matter 
on  the  earth,  of  bands  of  limestone.  If,  then,  all  these  rocks  were 

subjected  together  to  the  action  of  intense  metamorphic  forces,  it 

is  conceivable  that  the  mineralogical  changes  that  have  taken  place 
have  operated  in  a  direction  opposite  to  that  supposed  by  Professor 
Judd,  that  is  to  say,  that  the  calcite,  either  in  a  state  of  fusion 
or  one  akin  to  it,  has  invaded  the  surrounding  gneisses,  and  has 

converted  the  felspars  into  scapolites,  the  excess  becoming  crys- 
tallised among  the  original  constituents  of  the  rock  as  calcite. 

That  the  latter  mineral  may  be  fused,  and  invade  the  surrounding 
rocks   without   decomposition,   under   certain   conditions,   has  been 

1  J.  Walther,  On  Veins  of  Graphite  in  decomposed  Gneiss  (Laterite)  in  Ceylon  ; 
Records,  Geol.  Surv.  Ind.,  Vol.  XXIV,  Pt.  l,p.  42  :  Al.  Lacroix,  Gneissose  Rocks  of  Salem 
and  Ceylon  ;  ibid,  Pt.  3,  p.  155  :  H.  Moissan,  fitude  du  Graphite  extrait  d'une  Peg- matite ;  Complex  Reridus,  Vol.  CXXI,  p.  538  :  F.  1).  Adams,  Geology  of  a  portion  of  the 
Laurentian  Area  ;  Ann.  Report,  Oeol.  Surv.  Canada,  N.  S.,  Vol.  VIII,  J,  p.  36  :  T.  H. 
Holland,  Chamockite  Series  ;  Memoirs,  Oeol.  Surv.  Ind.,Vo\.  XXVIII,  Pt.  2,  p.  152  t  Siva- 
malai  Series,  ibid,  Vol.  XXX,  Pt.  3,  p.  172  :  T.  L.  Walker,  Geology  of  Kalahandi  State  ; 
ibid,  Vol.  XXXIII,  Pt.  3,  p.  14  :  F.  Cirkel,  Graphite,  its  Properties,  Occurrence,  Re- 

fining, and  Uses;  Ottawa  (1907). 
2  Op.  cit..  Memoirs,  Geol.  Surv.  Ind.,  XXX,  Pt.  3,  p.  175. 
3  Loo.  cit.,  p.  540. 
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shown  in  the  case  of  the  nepheline  syenites  of  Alno  by  Hogbom,1 
and  in  that  of  the  elseolite-syenites  of  Sivamalai  by  Holland,2  and 
it  is  even  known  to  occur,  as  a  primary  constituent,  in  granite.3 

There  is  one  circumstance  in  connection  with  the  presence  of 

graphite  in  the  Ruby  Mines  limestone  which  tends 
Organic     origin      of    °     .     .  ,         ,  ,  ,  , 
graphite.  to  indicate  that  the  carbon  may  be  ot  organic 

origin,  namely,  that  this  mineral  has  not  been 
found  in  the  gneisses  with  which  the  limestone  is  intercalated,  but  is 
confined  to  the  latter  rock.  The  deposits  of  graphite  near  Wabyudaung 

(Wapudoung,  C.  B.  B.),  which  have  been  opened  out  and  worked 
to  a  small  extent  by  the  Ruby  Mines  Company,  occur  along  the 
line  of  contact  between  the  gneiss  and  limestone,  but  it  is  not 
disseminated  through  the  gneiss.  In  Canada,  however,  where  the 

association  of  graphite  with  crystalline  limestone  and  gneiss  seems 
to  be  very  similar  to  that  we  are  dealing  with,  the  graphite  is 

disseminated  through  both  rocks.  But  F.  Cirkel,  in  his  mono- 

graph on  graphite,*  is  of  opinion  that  the  graphite  of  limestones 
is  derived  from  carbon  originally  present  in  the  rock,  probably  of 

organic  origin,  and  on  the  other  hand,  following  Weinschenk,5  that 
the  source  of  the  graphite  veins  in  the  gneiss  must  be  sought  deep 
in  the  earth,  where  it  is  supposed  to  have  been  deposited  from 

carbon  monoxide   and   compounds   of   the   cyanogen  group. 
Further  light  has  been  thrown  upon  the  question  of  the  origin  of  the 

crystalline  limestones  of  Upper  Burma  hy  the 
Crystalline  limestones        '  .    „  ,  J  . of  Naniazeik.  researches   of  Dr.  A.  W.  Cr.  Bleeck,  of  Munich, 

who  has  examined  the  rocks  of  the  Manwe- 

Naniazeik  ruby  tract  in  the  Kachin  Hills. 6  Describing  the  limestones, 

he  says  : — 

"  Every  single  specimen  possesses  the  peculiarity  of  giving  off  an  evil 
smell  when  struck  with  the  hammer.  This  smell  originates  from  organic 

matter,  probably  skatole." 
This  observation  would  equally  well  apply  to  the  limestone  of 

the  Mogok  Ruby  Mines,  indeed  so  powerful  is  the  odour  that  on  a 
hot  day  it  is  not  necessary  to  strike  the  rock  with  a  hammer  in 

1  A.  G.  Hogbom,  Nepheline-syenite  of  Alno  ;  Oeol.  Foren.  Stockholm  Forhand. 
XVII,  2  and  3,  pp.  100  and  214.    Abstract  in  Mineral  Mai/.,  Vol.  -\  I  (IS!).")),  p.  2f>0. 

2  T.  H.  Holland,  op.  cit.,  Memoirs,  Oeol.  Surv.  Ind.,  Vol.  XXX,  Ft.  3,  p.  197. 
3  E.  Rimann,  Ueber  calcitf uhrendcn  Granit  in  Riesengebirge,  Centralb.  jiir.  Min. 

Geol.  u.  Pal.  Jahrg.,  1907,  p.  203. 
4  Graphite,  its  Properties,  Occurrence,  Relining  and  Uses,  Ottawa  (1007). 
5  E.  Weinschenk,  Bildung  des  Graphites  ;  Zcitschr.  f.  Prakt.  Geol.,  1903,  p.  Iti. 
6  On  Rubios  in  tho  Kachin  Hills  ;  Btcords,  Geol.  i>uu:  Ind.,  Vol.  XXXVI,  1't.  3,  p.  104. 
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order  to  render  it  perceptible,  but  on  entering  a  quarry  in  the 
limestone  it  is  almost  everpowering,  even  at  a  distance  of  several 
feet  from  the  rock  face.  Even  this  evidence,  however,  is  not  con- 

clusive in  favour  of  the  limestone  having  been  organically  formed, 
that  is,  in  the  sense  of  being  built  up  by  living  organisms,  unless 
it  can  be  proved  that  the  odour  is  really  due  to  skatole.  To  my 
mind  the  smell  appears  to  possess  a  more  sulphurous  character 
than  one  due  to  any  organic  compound,  and  to  be  derived  from  the 
decomposition  of  the  sulphide  of  iron  (pyrrhotite)  with  which  the 
limestone  is  impregnated. 

Dr.  Bleeck  also  draws  attention  to  the  presence  of  chondrodite, 

forsterite,  and  garnet  in  the  limestone  of  Nania- 

of  Mogok  by  Professor  Judd,  and  to  the  com- 
parative rarity  of  corundum  in  the  former,  and  suggests  that  the 

difference  is  due  to  local  variation  in  the  character  of  the  agents 

that  have  effected  the  metamorphism  of  the  rocks.  In  the  Nania- 
zeik  area  contact  metamorphism,  due  to  the  intrusion  of  massive 
dykes  of  granite,  has  predominated,  whereas  in  the  Kuby  Mines 
district  pressure  metamorphism  has  played  the  more  important  role, 
with  the  result  that  in  the  latter  area  corundum  is  more  abundant, 

and  the  typical  minerals  due  to  contact  metamorphism,  such  as 

forsterite,  chondrodite,  and  garnet,  are  either  rarely  found  or  are 
absent. 

In  the  Annual  Eeport  of  the  Geological  Survey  of  India  for 

1895,1  Mr.  Griesbach  alludes  to  an  examination 

atSsSyin d  COng!°merate    by  Mr.  Hayden   of  the  ruby-bearing  limestone 
of  the  Sagyin  Hills,   in  the  Irrawaddy  valley 

north  of  Mandalay,  and  says  :— 
"  One  of  the  most  interesting  facts  established  by  Mr.  Hayden  is  that  the 

limestone  rests  on  the  schists  and  gneiss,  the  junction  being  marked  by  the 

presence  of  a  conglomerate  associated  with  a  limestone  breccia,  thus  proving 
without  doubt  that  this  coarsely  crystalline  limestone  is  of  sedimentary 

origin." 
And  again2  : — 

"  The  crystalline  limestone,  in  which  such  minerals  as  ruby,  spinel,  rubel- 
lito  and  schorl  occur,  is  found  to  be  separated  from  the  gneisses  by  a  con- 

glomerate composed  of  blocks  of  limestone,  gneiss  and  quartzite." 

1  Records,  Gcol.  Surv.  Ind.,  Vol.  XXIX,  Pt.  1,  p.  9. 
■  Ibid.  p.  60. 
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If  this  observation  were  confirmed,  it  would  of  course  settle  the 

question  of  the  sedimentary  origin  of  the  limestone,  and  consider- 
ably strengthen  the  argument  in  favour  of  the  organic  origin  of  the 

graphite  ;  but  I  am  informed  by  Mr.  Hayden,  whose  report  on  this 
tract  has  not  been  published,  that  he  is  not  convinced  that  the 
conglomerate  was  actually  in  situ  at  the  base  of  the  limestone, 

and  that  what  he  saw  was  piobably  a  superficial  boulder  deposit, 
cemented  by  calcareous  matter ;  and  as  I  know,  from  my  own 

experience,  that  such  superficial  deposits  of  what  is  to  all  appear- 
ance a  hard  and  ancient  conglomerate  are  not  uncommonly  to  be 

met  with  in  the  stream  beds,  especially  along  the  western  edge  of 
the  Shan  plateau  ;  and  that,  in  some  cases,  the  detection  of  their 
real  character,  and  of  the  fact  that  they  are  not  interbedded  with 

the  older  rocks,  is  not  easy,  I  think  it  would  be  unwise  to  lay  too 
much  stress  upon  the  observation  quoted  by  Mr.  Griesbach,  without 
further  investigation  of  the  facts. 

Regarding  the  age  of  these  ancient  crystalline  rocks,  it  seems 

Age  of  the  gneiss  to  me  that  we  maF  be  dealing  with  two 
and  crystalline  lime-  systems  belonging  to  very  different  periods. 
stones'  The  similarity  between  the  complex  of  crys- 

talline limestones,  pyroxene  and  scapolite  gneisses,  and  granulites 
of  the  Ruby  Mines  with  some  of  the  developments  of  the  Dharwar 

system  of  the  Indian  Peninsula  is  very  marked.  I  have  already 

alluded  to  Dr.  Fermor's  account  of  the  crystalline  limestones  occur- 
ring in  the  Dharwars  of  the  Chhindwara  district  in  the  Central 

Provinces,1  and  a  perusal  of  his  paper  will  show  that  the  char- 
acters and  relations  of  the  rocks  in  the  two  areas  are  almost 

identical.  In  both  districts  we  have  a  series  of  crystalline  lime- 

stones closely  associated  with  quartz  pyroxene  gneisses  and  calci- 
phyres,  forming  lenticular  bands  imbedded  in  biotite  gneisses,  which 
latter,  in  Chhindwara,  Dr.  Fermor  looks  upon  as  being  the  most 
ancient  rocks  of  the  area.  The  parallel  is  completed  by  the  fact 

that  in  both  areas  the  rocks  are  intersected  in  every  direction  by 
veins  of  graphic  granite  or  pegmatite.  It  seems  probable,  therefore, 
that  the  biotite  gneisses  should  be  referred  to  one  of  the  lower 

divisions  of  the  Archaean  group,  while  the  limestones  and  associated 

pyroxene  gneisses,  etc.,  may  be  considered  to  belong  to  the 
Huronian  system,  with  which  the  Dharwars  of  the  Indian  peninsula 

1  Records,  Geol.  Surv.  Ind.,  Vol.  XXX1I1,  Pt.  3,  p.  159. 
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are  correlated.  For  the  present,  however,  and  until  the  relations 
of  these  crystalline  rocks  may  be  more  thoroughly  investigated  in 
the  field,  I  consider  it  advisable  to  place  them  in  a  single  group. 

From  a  sketch  by  the  author. 

Fig.  2.    The  Ruby  Mines,  Mogok.    Taung  Me  in  the  background. 



CHAPTER  V. 

TAWNG-PENG  SYSTEM. 

Between  the  gneiss  of  the  Ruby  Mines  District  and  the  fossiliferous 
rocks  of  the  Shan  Plateau  a  broad  area  of  broken, 

hilly  country  intervenes,  in  which  very  little 

level  ground  is  to  be  met  with.  It  forms  a  maze  of  deep,  V-shaped 

valleys,  separated  from  one  another  by  steep,  knife-edged  ridges  and 
spurs,  clothed  from  base  to  summit  in  dense  vegetation.  So  preci- 

pitous are  the  lower  slopes  of  the  glens  that  it  is  often  impossible  to  find 
a  way  along  the  banks  of  the  streams,  and  the  rocks  are  as  a  rule 
accessible  only  where  the  narrow  paths  between  the  villages,  perched 
on  the  ridges  above,  cross  the  valleys. 

Except  for   a   narrow  zone  along  the  margin  of  the  plateau, 

the   whole   of   this   broken   country  is  occu- Name  of  system.         .   ,    .  ,         ...  ,  , 
pied  by  rocks  which  so  far  have  not  yielded 

fossils,  and  as  they  appear  to  form  a  well  defined  group  of  strata, 
and  to  be  separated  by  a  distinct  stratigraphical  break  from  the 

succeeding  formations,  the  name  of  the  Tawng-peng  System  is  now 
bestowed  upon  them,  since  the  sub-State  of  that  name,  noted  for 

its  production  of  the  pickled  tea,  or  '  letpet,'  so  freely  indulged 
in  by  the  Burmese,  is  almost  entirely  composed  of  these  rocks. 

The  whole  of  this  hilly  tract  is  inhabited  by  the  Palaungs  or  Rumai, 
a  race  of  hill  men  differing  in  customs  and  language  from  the 

Shans,  but  devout  Buddhists,  and  of  very  peaceable  disposition. 

According  to  Sir  J.  G.  Scott  1  they  may  be  allied  either  to  the 
Karens  of  Lower  Burma  or  to  the  Wa  tribes,  who  are  found 

on  the  other  side  of  the  Salween,  but  they  also  show  some  affinity 
in  their  customs  with  the  hill  tribes  of  Assam. 

The  rocks  of    the  Tawng-peng  System    are  divided  into  three 
„  ,  ,.».  .  series,  which  have  been  named,  in  descending biu>-<uvisions.  .  0 

order  : — 
Bawd  win  Volcanic  Series. 

Chaung-Magyi  Series. 
Mica  Schists  of  Mong  Long. 

Of  these  the  middle  series  is  the  most  important  from  a  strati- 
graphical  point  of  view,  since  it  occupies  a  far  greater  area  than 
either  of  the  others,  but  in  an  economical  sense  the  rocks  com- 

posing it  are  not  of  much  value,  though  a  small  quantity  of  gold 

1  Gazetteer  of  Upper  Burma  ;  Part  I,  Vol.  I,  p.  480. 
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is  obtainable  from  many  of  the  streams  that  drain  them.  In  this 

respect  the  rocks  of  the  Bawdwin  series  are  the  most  important, 
for  they  contain  the  only  really  promising  deposits  of  metallic 
ores  that  have  yet  been  discovered  in  the  Shan  States. 

Mica  Schists  of  Mbng  Long. 

To  the  south  of  the  gneissic  area  in  the  Ruby  Mines  District 
.  ,        a    broad    bolt    of    mica    schists    is  found Area  occupied.  . 

occupying    the   wide    valley  of  the  Nam-pai, 

in  which  the  town  of  Mong  Long,  the  capital  of  the  sub-State  of 
that  name,  is  situated,  and  the  spurs  of  the  range  of  hills  to  the 
south  of  it.     The  strike  of  these  beds  shows  more  irregularity  in 
direction  than  that  of  the  gneiss,  probably  due  to  the  intrusion 
of  thick  dykes  and  bosses  of  granite  along  the  boundary,  but  in 
general  it  is  nearly  east  and  west.     The  western  termination  of 
the  band  is  somewhat  uncertain,  owing  to  the  almost  inaccessible 

nature   of   the   middle  portion  of  the  Nam-pai  valley,   where  it 
meets  the  south-westerly  extension  of  the  Mogok  gneiss ;  but  as 
the  lower  portion  of  this  valley,  from  Setsigon  (B  2)  to  Ze-haung, 
coincides  with  a  N.-S.  fault,  it  is  probable  that  the  mica  schists 
are  cut  off  by  an  extension  of  this  fault  to  the  north.    The  south- 

ern boundary  of  the  mica  schists  is  very  indefinite,  and  the  line 

drawn  on  the  map  must  be  considered  as  only  roughly  approxi- 
mate.    On  the  hill  slopes  it  is  exceedingly  difficult  to    find  any 

outcrop  of  the  schists,  for  they  are  easily  weathered,  and  all  that 
can  be  seen  in  the  few  exposures  visible  along  the  paths  are  patches 
of  micaceous  clay  in  which  the  original  foliation  planes  are  marked 

by  splashes  and  lines  of  bright  scarlet,  resulting  from  the  oxida- 
tion of  the  iron  in   the    rock.     And  since  the  rocks  of  the  next 

succeeding  formation  weather  in  much  the  same  way,  though  not, 
as  a  rule,  with  the  same  brilliant  colours,  it  is  not  at  all  easy  to 
decide  where  to  draw  the  line  between   them.     Indeed   it   is  not 

unlikely  that  there  is  a  gradual  passage   from  one  to  the  other 
formation,  and  that  the  higher  degree  of  alteration  of  the  mica  schist 
is  due  to  contact  metamorphism,  induced  by  the  intrusive  granite 
alluded  to  above.     For  it  has  been  noticed  elsewhere  that  when 

dykes  and  bosses  of  granite  are  intruded  among  the  slates  of  the 

Chaung-Magyi  series,  they  have  a  tendency  to  become  schistose. 
The  rock  is  an  ordinary  biotite  schist,  composed  mainly  of  granular 

quartz  and  biotite,  the  latter  in  large  quantity 

in  lath-shaped  crystals,  arranged  parallel  to  the 
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foliation  planes,  and  a  little  plagioclase  felspar :  minute  crystals  of 
apatite  and  some  schorl  (?)  are  present  as  accessory  constituents. 

The  mica  schists  are  everywhere  traversed  by  veins  of  milk- 

Qn&rt     .  white    quartz,    of   all    dimensions    up    to  a 
width  of  several  feet,  ramifying  in  all  direc- 

tions through  the  country  rock.  These  veins  are  perhaps  more 

numerous  near  the  junction  of  the  schists  with  the  granite,  but 
they  are  not  confined  to  any  particular  zone,  and  on  the  spurs 

of  the  hills  they  frequently  form  the  only  visible  outcrops,  gene- 
rally standing  out  as  prominent  knolls  on   the  ridges. 

Along  the  boundary  between  the  gneisses  and  mica  schists 

Intrusi  r  't  several  strong  dykes  of  intrusive  granite 

°  '  occur.  They  are  well  seen  on  the  cart  road 
from  Mogok  to  Mong  Long  between  the  villages  of  Yaunggwin  (Ny- 
aunggon)  and  Legyi  (Lauzee,  C.B.B.),  and  extend  for  many  miles 

to  the  east  and  west  of  the  road.  The  rock  is  a  coarsely  crystal- 
line granite,  consisting  mainly  of  orthoclase  felspar  with  some 

interstitial  quartz  and  a  good  deal  of  tourmaline.  Fibrolite,  apa- 
tite and  garnet  are  present  as  accessory  constituents.  Extensive 

excavations  for  tourmaline  (rubellite)  have  been  made  in  the  rain- 
vash  derived  from  these  granites  covering  the  lower  slopes  of  the 

hills  in  the  neighbourhood  of  Na-yuk  (Nyaungdauk,  Nyoungouk, 

C.B.B.),  about  11  miles  to  the  south-east  of  Mogok.1 

Chaung-Magyi  Series. 

It  has  been  stated  above  that  the  boundary  between  the  mica 

schists  and  the  Chaung-Magyi  series  is  some- 
Lithological     charac-    what    indefinit      and    tnat    there    is  reason ters.  ' 

for  supposing  that  there  is  a  passage  from 

the  more  highly  foliated  type  of  rock  to  one  which  shows  little 

or  even  no  signs  of  alteration.  As  we  proceed  southwards  from 

the  Nam-pai  valley  towards  the  Shan  plateau,  the  well  foliated 

mica  schists  give  place  to  a  series  of  quartzites,  generally  of  a 
red  or  brown  colour,  occasionally  containing  a  little  felspar,  when 

they  may  be  called  greywackes,  slaty  shales,  generally  dark  blue 
or  black  in  colour,  and  sandstones.  No  conglomerates  whatever 

have  been  observed  throughout  the  whole  series,  and  there  are  no 

signs  of  any  stratigraphical  break.     All  the  beds  are  either  sandy 

1  C.  Bairington  Brown  and  J.  W.  Judd,  Phil,  Trans.  Roy.  Soc„  Voj.  167  A,  (1897), 
p.  185. 
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or  argillaceous,  and  lime  is  not  present  in  any  form :  this  is  the 
more  remarkable,   since  all   the  succeeding  formations  are,   to  a 
greater  or  less  extent,  of  a  calcareous  nature. 

Except  in  the  beds  of  the  streams,  and  along  the  cuttings  of  the 
new  roads  that  have  been  made  through  the 

Paucity  of  outcrops.      ....  ,     ,  ° hills,  outcrops  of  the  rocks  are  not  often 

met  with,  owing  to  the  thickness  of  the  '  cover  '  of  clay  and  soil 
in  which  the  hill  slopes  are  buried,  and,  moreover,  they  are  so 
thickly  clothed  with  vegetation  that  landslips  very  seldom  occur. 
For  this  reason  anything  like  a  continuous  section  is  not  to  be 
seen,  so  that  it  has  been  found  impossible  to  trace  the  different 

varieties  of  rock  from  one  locality  to  another.  The  strike  of 
the  beds  also  is  by  no  means  constant ;  for  though  it  sometimes 

remains  the  same  for  considerable  distances,  it  is  subject  to  abrupt 
changes  in  direction,  and  this  adds  to  the  difficulty  of  following 
out  any  particular  band  of  rock.  The  strata  are  also  greatly 

dislocated  by  faults,  which  for  the  same  reasons  cannot  be  fol- 
lowed up  continuously  for  any  distance,  and  these  add  greatly 

to  the  complexity  of  the  structure.  It  would,  of  course,  be  pos- 
sible to  work  out  the  stratigraphy  in  much  greater  detail  than 

has  been  done,  in  spite  of  the  scarcity  of  outcrops  and  other  diffi- 
culties, but  it  would  entail  an  enormous  amount  of  labour,  and 

since  the  series  possess  very  little  economic  value,  there  would 

be  no  object  in  spending  time  and  labour  upon  it. 
Another   circumstance   that  enhances   the   difficulty  of  dealing 

with   the   relations    of   the   different   beds  of 
Mode  of  weathering.         .          .        .  ,       .-,  ,  . 

this  series  to  each  other  and  to  the  over- 

lying formations  is  their  mode  of  weathering.  Wherever  they 
have  been  exposed  to  the  atmosphere  for  any  length  of  time 

they  become  rotten  and  decomposed,  and  are  not  easily  to  be 
distinguished  from  ordinary  sandstones  and  shales,  such  as  are 

common  among  the  succeeding  formations. 
Indications  of  altera-    j     fregh   outcrops    however,    either    in  the tion.  . 

streams  or  road  cuttings,  it  is  often  possible 
to  discover  some  signs  of  alteration  in  the  older  rocks.  The 

quartzites,  under  the  microscope,  exhibit  in  some  specimens  a 
secondary  growth  of  the  quartz  grains,  filling  up  the  interstices 
between  them  ;  and  the  slates  are  usually  spotted  with  minute 

stains  of  iron  oxide,  probably  resulting  from  the  decomposition  of 

granules  of  iron  pyrites,  drawn  out  in  the  direction  of  the  shear 

i 
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planes  of  the  rock.  The  high  angles  of  dip  usually  presented  by 
these  older  rocks  may  also  be  taken  as  a  guide  in  mapping  them, 
especially  in  the  neighbourhood  of  the  boundary  with  the  Namhsim 
sandstones,  for  which  they  are  most  likely  to  be  mistaken,  for  the 

latter  rocks  as  a  rule  rest  at  low  angles  upon  their  upturned  edges. 

The  rocks  of  the  Chaung-Magyi  series  formed  a  continuous 
floor  upon  which  the  succeeding  fossiliferous 

boundary"*'0"'  Western  formations  were  deposited,  and  wherever  the 
latter  have  been  removed  by  denudation  to  a 

sufficient  depth,  these  older  rocks  are  exposed  beneath  them.  Along 
the  western  edge  of  the  plateau  they  occupy  a  narrow  zone 

below  the  precipitous  scarps  of  limestone  overlooking  the  plains 
of  the  Irrawaddy,  extending  due  south  along  the  left  bank  of  the 

Chaung-Magyi  or  Maddeya  river,— from  which  the  name  of  the 
series  is  derived,— to  the  point  where,  leaving  the  hills  at  Zehaung, 
it  turns  west  to  the  Irrawaddy ;  and  beyond  this  to  within  a 
short  distance  of  the  head  of  the  Kyetmaok  stream,  above  tbe 

village  of  Taunggaung  (B  4).  The  western  boundary  of  this 

zone  is  marked  by  a  fault,  bringing  the  Chaung-Magyi  rocks  against 
the  Archaean  gneiss  to  the  north  of  Zehaung,  and  against  the 
Plateau  Limestone  and  underlying  Palaeozoic  rocks  to  the  south  of 

that  place.  Throughout  this  zone  the  strike  of  the  quartzites 

and  slates  is  N. — S.,  parallel  to  that  of  the  gneisses  on  the  west 
bank  of  the  Irrawaddy. 

The  inner  boundary  of  this  zone  is  more  irregular,  the  actual 
location  of  the  line  of  junction  depending  on 

Southern  and  Eastern     th    d         ̂   ^         t  western  scarp  0f  tJle boundary.  r  °  r 
plateau  has  been  cut  back,  and  on  the  relations 

between  the  dip  of  the  rocks  and  the  contours  of  the  hill  slopes. 
Towards  the  north  the  elevation  of  the  boundary  line  above  the  plain 

gradually  increases,  until  at  a  point  somewhat  to  the  south-east  of 
the  sudden  bend  of  the  Nam-pai  from  west  to  south  (at  the  peak 
marked  Hpataunggyi,  3,664  feet  on  the  map,  Fig.  3,  p.  62),  the  overlying 

rocks  disappear,  and  the  boundary  sweeps  round  to  the  south-east 
in  the  direction  of  the  head  of  the  Gokteik  gorge.  At  the  same 
time  the  strike  of  the  rocks  also  changes  in  direction,  and  becomes 

N.W. —  S.E.,  or  almost  at  right  angles  to  the  prevailing  strike  of  the 
gneisses.  The  rocks  in  this  area  form  a  succession  of  straight 

ridges,  coinciding  in  direction  with  that  of  the  strike,  and  separated 

by  streams  flowing  either  to  the  north-west,   into  the  Nam-pai, 
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or  to  the  south-east,  into  the  Nam-panhse  and  the  Nam-Tu. 

Among  the  hills  to  the  north  of  the  Gokteik  gorge  the  strike  be- 
comes very  irregular  for  a  space,  and  the  rocks  are  greatly  con- 
torted, but  further  to  the  eastward  it  again  becomes  regular,  and 

is  at  right  angles  to  its  former  direction,  or  from  north-east  to 
south-west.  The  contrast  between  the  lofty  ranges  of  hills  formed 
by  these  rocks  and  the  more  level  limestone  plateau  is  well  seen 
from  the  railway  between  the  Gokteik  gorge  and  Hsipaw,  the 

boundary  running  in  a  north-easterly  direction  at  no  great  dis- 
tance from  the  line,  to  within  a  few  miles  of  the  Nam-Tu,  where 

the  older  rocks  disappear  beneath  the  fossiliferous  Pala?ozoics.  The 

eastern  boundary  is  very  irregular,  and  deeply  indented,  on  account 
of  the  immense  amount  of  erosion  that  has  taken  place  along  it. 

The  Chaung-Magyi  rocks  appear  again  along  the  eastern  margin 
of    the   plateau,   among   the   hilly  ranees  be- 

The  '  Eastern  Ranges.-  .    r  °  .    J  ■ tween  it  and  the  fealween,  forming  large  inkers 

among  the  younger  rocks,  wherever  the  latter  have  been  removed 
bv  denudation.  The  most  northerly  of  these  inliers  shown  on  the 

map  is  in  the  range  that  extends  eastwards  from  Lashio  towards 
the  Salween  (hereinafter  referred  to  as  the  Loi  Len  range),  and 

forms  the  divide  between  the  upper  valleys  of  the  Nam-yau  and 
the  Nam-pawng.  The  slates  and  quartzites  appear  from  beneath 
the  lower  Pakeozoic  rocks  at  the  foot  of  the  range,  immediately 

to  the  north  of  Man-Se  (H  1)  in  the  Namma  coal-field,  and 
widen  out  rapidly  eastwards,  forming  the  whole  of  the  southern 

slopes  for  a  disbance  of  about  18  miles,  beyond  which  they  are 
covered  up  by  overlying  limestones  (see  Section  1,  Plate  24).  Along 
the  foot  of  the  range  they  are  cut  off  by  a  fault  of  great  throw, 

but  they  reappear  again  on  the  south  side  of  the  valley,  forming 
a  broad  band  extending  eastwards  from  the  northern  slopes  of  Loi 

Ling,  across  the  head  of  the  Nam-pawng  and  Nam-hsawm  valleys 
towards  the  Salween. 

At  its  south-western  end  this  band  merges  into  the  huge  mass 
.  of   Loi  Ling,  which  rises   abruptly,    like  an 

island  set  in  the  sea,  to  a  height  of  some  0,000 

feet  above  the  undulating  plateau  surrounding  it  (Plate  1).  Indeed, 
it  seems  not  improbable  that  these  ancient  rocks  did  form  islands 

or  shoals  in  the  midst  of  the  Pala'ozoic  ocean,  for  the  rocks  that 
were  deposited  upon  them  thin  out  in  a  remarkable  manner  as 
they  approach  the  inliers  ;  the  lowest,  fossiliferous  rocks  forming  a 
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very  narrow  ribbon  separating  the  Plateau  Limestones  from  the  slaty 

series,  or  in  many  places  not  appearing  at  the  surface  at  all,  the 
limestones  overlapping  them  and  resting  directly  upon  the  slates 
and  quartzites. 

To  the  south-east  of  Loi  Ling  these  rocks  occupy  an  irregular 
area,  the  structure  of  which  is  by  no  means  easy 

(sSn  mfmZSU)!  to  un^vel.  In  fact,  the  details,  as  shown  on  the 
map,  must  be  considered  as  merely  an  approxi- 

mation, more  or  less  close,  to  the  truth.  The  whole  tract  is  a  maze 

of  hills  densely  covered  with  jungle,  and  the  only  means  of  arriving 
at  any  knowledge  of  the  rocks  is  to  make  traverses  as  far  as 
possible  across  the  strike,  and  correlate  the  scattered  observations 

thus  made  of  outcrops,  often  at  considerable  distances  apart,  with 
each  other.  It  is  quite  impossible  to  follow  up  the  outcrop  of  any 

particular  bed  from  one  point  to  another,  and  as  the  paths  almost 

invariably  run  directly  across  the  ranges,  it  is  seldom  that  they  coin- 
cide in  direction  for  more  than  a  few  yards  at  a  time  with  the 

general  strike  of  the  rocks.  It  is  therefore  difficult  to  obtain  any 
accurate  conception  of  the  general  structure  of  this  mass  of  hills, 
but  briefly  it  may  be  described  as  that  of  a  series  of  elongated 

domes,  whose  axes  run  more  or  less  directly  north  and  south. 

These  have  been  broken  up  by  a  complicated  set  of  great  faults, 

whereby  huge  wedge-shaped  masses  of  the  overlying  strata  have 
been  let  down  among  the  older  rocks,  some  of  the  faults  striking 
in  a  direction  almost  parallel  to  the  axes  of  the  domes,  while  others 
cut  directly  across  them.  The  quartzites  and  slates  occupy  the  core 

of  the  domes,  and  rise  into  lofty  ridges  and  peaks,  attaining 
altitudes  of  between  4,000  to  6,000  feet  above  the  level  of  the  sea. 

Another  detached  area  of  these  rocks  is  found  to  the  south  of 

the  plateau,  in  the  sub  State  of  Mong  Tung, 
Loi  Pan — Loi  Twang  t 
ran„es  °    forming  a  conspicuous  mountain  mass  rising  in 

Loi  Pan  to  a  height  of  6,693  feet  above  sea 
level,  and  extending  to  the  south  into  the  Southern  Shan  States 

of  Mong  Kiing  and  Kehsi  Mansam,  the  three  States  meeting  along 
the  ridge  of  Loi  Twang,  5,752  feet,  at  the  southern  end  of  the 
range.  The  northern  portion  of  this  range  is  composed  of  the 

ordinary  slates  and  quartzites  of  the  Chaung-Magyi  series,  rising 
abruptly  from  the  surrounding  limestone  plateau,  without  any 
intervening  fringe  of  the  lower  Paleozoic  rocks.  The  prevailing 

strike  of  the  rocks  is  from  north-east  to  south-west,  but  it  is,  as 

E  2 
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usual,  by  uo  means  constant.  About  the  latitude  of  Mong  Tung 
village  (H  4),  the  strike  becomes  transverse  to  the  general  direction 
of  the  range,  and  a  change  in  the  character  of  the  rock  sets  in. 

The  quartzites  are  replaced  by  grits  and  sandstones  of  quite  unalter- 
ed appearance,  on  the  bedded  surfaces  of  which  ripple  marks  are 

often  visible,  and  the  slates  by  unaltered  yellow  shales.  But 
in  spite  of  their  unaltered  appearance  none  of  these  rocks  contain 
a  trace  of  organic  remains,  and  there  seems  to  be  no  reason  for 

ascribing  to  them  a  later  age  than  that  of  the  quartzites  and 
slates.  The  alteration  of  the  latter  indeed  seems  to  be  merely  a 

local  characteristic,  and  to  be  due  to  the  intrusion  of  large  dykes 
of  granite  among  the  rocks  at  the  northern  end  of  the  range. 

The  sandstones  and  shales  form  the  whole  of  the   lofty  ridge 

ch         f  tr<k       of  Loi  Twang,  and  from  a  short  distance  
to 

the   south   of   Mong   Tung   are  found  to  be 

striking  in  a  north  and  south  direction,    parallel  to  that  of  the 
range.     This  abrupt  change  of  strike  is  a  feature  not  easily  to  be 
accounted  for,  but  we  have  seen  above  that  such  changes  of  strike 

occur  elsewhere  among  these  old  rocks,  and  they  may  be  due  to 
distinct  and  successive  periods  of  earth  movements.    There  is  ample 

evidence   that   the   pre-fossiliferous   rocks  were   folded   and  dislo- 
cated, perhaps  by  forces  acting  from  different  directions  at  successive 

intervals  of  time,  before  the  deposition  of  the  overlying  strata.  The 
final  thrust,  which  has  affected  all  the  rocks  of  earlier  date  than 

the  Tertiary,  seems  to  have  come  from  the  south-east  or  perhaps  the 
east,   since  the  direction   of  the  folds    and  dislocations  that  have 

affected  the  Jurassic  Namyau  beds  is  usually  from  N.-N.  E.to  S.-S.  W. 
The  absence  of  fossils  in    the  Chaung-Magyi  rocks  makes  any 

attempt   to    determine     their    geological  age 

M<4yi«erieS!he  ChaUng'  a  matter  of  uncertainty,  as  is  always  the 
case  where  stratigraphical  position  and  litbo- 

logical  resemblances  are  the  only  guides  we  can  appeal  to.  As 
regards  their  position  in  the  geological  sequence  we  have  the  fact 
that  these  rocks  had  been  deposited,  consolidated,  thrown  into  folds 

and  dislocated,  and  finally  subjected  to  denudation  before  the  ac- 
cumulation upon  them  of  strata  containing  Ordovician  fossils.  No 

beds  containing  Cambrian  fossils,  which  would  bridge  over  the 

interval  of  time  that  must  have  elapsed  between  these  events,  have 
yet  been  found  either  in  the  Shan  States  or  the  neighbouring 
districts   nearer   than  Yunnan ;  and  it  would  therefore   seem  that, 
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taking  the  stratigraphical  evidence  alone  into  consideration,  the 

Chaung-Magyi  rocks  should  be  considered  as  pre-Cambrian.  So  far, 
however,  as  the  lithological  evidence  goes  there  is  no  reason 

why  they  should  not  be  placed  in  the  lowest  division  of  the 
Cambrian  system,  for  they  show  very  slight  traces  of  alteration,  the 

so-called  quartzites  being  often  indistinguishing  under  the  microscope 
from  ordinary  sandstones,  while  in  only  a  few  instances  has  a 

secondary  growth  of  the  quartz  grains  been  detected.  The  drawn 
.  out  patches  of  ferruginous  matter  referred  to 

°  'on  page  48  as  characteristic   of  the  slates  and 
probably  representing  granules  of  oxidised  pyrites  are  practically 
the  only  signs  of  alteration  that  these  beds  show,  and  I  would 
not  have  been  surprised  at  any  time  to  find  traces  of  organisms 

in  them.  I  have,  however,  searched  carefully  through  many  out- 
crops, especially  of  the  black  carbonaceous  shale  which  occurs  in 

places,    without    discovering  any  sign  of  a  fossil. 
I  have  been  much  struck  with  the  resemblance  between  these  beds 

and  those  of  the  Shillong  series  in  the  Khasi 

ShiUongsS".       With    Hills  of  Assam-     Both  series  are  made  UP  of slaty  shales  and  quartzites,  and  the  soft,  sandy 

character  of  the  latter  rocks  in  the  Khasi  Hills,  especially  in  weather- 
ed outcrops,  is  identical  with  that  of  the  Chaung-Magyi  quartzites. 

The  series  resemble  each  other  also  in  containing  no  trace  what- 
ever of  interbedded  limestones. 

The  Shillong  quartzites  and  slates  have  been  conjecturally  cor- 

related, both  by  Sir  T.  Holland 1  and  Mr. 

Dhamaradoubtful.  ̂   Vredenburg,2  with  the  Dharwar  system  of Southern  India,  but  their  similarity  with  the 

Chaung-Magyi  rocks  leads  me  to  think  that  they  are  perhaps  of 
not  so  great  an  antiquity.  It  seems  to  me  much  more  probable 
that  the  crystalline  limestones,  with  the  associated  pyroxene  and 
scapolite  gneisses  and  granulites  of  the  Ruby  Mines  represent  the 
Dharwar  system  in  this  area,  and  that,  like  the  Dharwars  of  the 

Indian  peninsula,  they  will  be  found  to  be  folded  in  among  the 

biotite  gneisses  along  definite  lines.  If  this  is  the  case,  the  Chaung- 
Magyi  rocks,  the  alteration  of  which  is  absolutely  nil  in  comparison 
with  that  of  the  highly  metamorphosed  crystallines  of  the  Ruby  Mines 

area,  must  be  much  younger  in  age.    They  would  correspond  then 

1  Sketch  of  the  Mineral  Resources  of  India,  p.  2. 
2  A  Summary  of  the  Geology  of  India,  Calcutta,  1907,  p.  16. 
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to  some  portion  of  the  Purana  group  of  Sir  T.  Holland,1  including 
such  series  as  the  Bijawars  and  Cuddapahs  of  the  Indian  Peninsula. 

It  seems  possible  that  the  Chaung-Magyi  series  of  the  Shan 

States  may  correspond  with  the  Hu-t'o  system 

sySeTofcWna'11  E"r%'°  (neo-Proterozoic)  of  Northern  Shan-si  in  China,2 though  no  limestones  occur  among  them  in 

our  region.  If  this  is  the  case,  they  should  be  regarded  as  pre- 
Cambrian,  for  in  China  they  are  succeeded  by  a  series  of  strata,  the 

Sinian  system,  in  the  lower  part  of  which  Cambrian  fossils  are  found.3 
The  fact  that  the  Cambrian  beds  of  China  are  related  by  their  fauna 

to  those  of  Spiti  in  the  Central  Himalaya  and  of  the  Salt  Range 

in  the  Punjab4  suggests  that,  although  there  does  not  seem  to  have 
been  a  direct  communication  between  the  two  Provinces,  they  were 
deposited  on  either  side  of  a  great  land  area,  and  that  in  Cambrian 
times  the  Chinese  sea  did  not  extend  so  far  to  the  south-west  as 
the  Shan  States,  submergence  of  the  latter  not  taking  place  until 
Ordovician  times.  The  nearest  point  in  this  direction  at  which 
fossiliferous  Cambrian  strata  have  been  found  is  in  southern  Yunnan, 

where  M.  Lantenois  5  has  described  a  series  of  finely  laminated  slaty 

shales,  sandstanes,  and  limestone  bands  in  the  valley  of  the  Ta-Ho 
river,  near  I-liang  Hsien  (Y-Leang)  to  the  east  of  Yunnan-Fu,  con- 

taining Olenellus  (Mesonacis)  Vemeaui  Mansuy,  Lingulella  cf.  primceva 

Hicks,  Obolella  sp.,  etc.  The  beds  occupy  an  area  of  about  50  kil- 
ometres in  length  and  20  in  breadth,  and  are  overlaid  by  limestones 

of  middle  Devonian  or  of  Carboniferous  age.  Strata  corresponding 

in  every  respect  with  the  Chaung-Magyi  series  were  also  found  in 
Yunnan  by  Mr.  Coggin  Brown,  and  they  probably  correspond  to  the 

'  untersinische  schichten',  of  Richthofen  and  Lorenz  in  Shan-tung. 
The  conditions  that  immediately  preceded  the  deposition  of  the 

Ordovician  strata  in  the  Shan  States  appear  to  have  been  very  similar 

1  Imperial  Gazetteer  of  India,  1904,  Vol.  I,  Chap.  II,  p.  9. 
2  Bailey  Willis,  Research  in  China;  Carnegie  Institution,  Washington,  (1907),  Vol. 

I,  Pt.  I,  p.  123. 
3  W.  Dames  in  V.  Richthofen's  China,  Vol.  IV,  pp.  1—33  :  E.  Kayser,  Ibid,  pp.  34—30: 

C.  D.  Walcott,  Cambrian  Faunas  of  China,  Proc.  U.  S.  Nat.  Mus.,  Vol.  XXIX,  p.  1  ;  Vol. 
XXX,  p.  563  :  Bailey  Willis,  Op.  ext.,  Vol.  I,  Pt.  1,  pp.  29,  34  ;  Vol.  II,  p.  40  :  Th.  Lorenz, 
Beitrlige  zur  Geologie  und  Pal.eontologie  von  Ostasien  ;  Zcitschr.  d  Deutsrh.  Oeol.  Oesel- 
ks  /..  Bd.  LVII,  p.  444;  Bd.  LVII1,  p.  81. 

*  F.  R.  Cowper  Reed,  Cambrian  Fauna  of  Spiti ;  Pal.  Ind.,  Ser.  XV,  Vol.  VII,  Mem. 
No.  1,  p.  69:  Pre-Carboniferous  Life- Provinces ;  Records,  Oeol.  Snrv.  Ind.,  Vol.  XL, 
I'l.  1.  p.  10.  K.  Redlich,  Cambrian  Fauna  of  the  Eastern  Salt  Range;  Pal.  Ind.,  New 
Ser.,  Vol.  I,  Mom,  No.  1,  p.  12. 

*  Mission  Coologiquc  ct  Miniere  du  Yunnan  Mcridionale  ;  Annates  des  Mines,  Ser.  10, Vol.  XI.  p.  308,  acq. 
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to  those  obtaining  in  China  at  the  beginning  of  the  Sinian  period, 

as  conjectured  by  Bailey  Willis1  (see  beloiv,  p.  349). 

Bawdwin  Volcanic  Stage. 

At  certain  localities  along  the  boundary  between  the  rocks  just 

described  and  the  overlying  fossiliferous  Pal- 

ters ^nd^istabutira^  ̂ ^oic  formations  a  series  of  beds  is  exposed which  are  undoubtedly  of  volcanic  origin. 

These  consist  mainly  of  tuff  or  ash  beds,  but  among  them  layers 
of  true  rhyoiites  are  interstratified,  the  remains  of  ancient  lava 
flows.  The  most  important  development  of  these  beds  that  has 
yet  been  met  with  occurs  at  Bawdwin,  or  Bawdwingyi  (Burm. 

'  The  great    Silver  mine'),     the  northern  part  of  the  Tawng-Peng 
sub-State,    a   few   miles    to  the    west   of  the Bawdwin  silver  mines.  .      .  .. 
ISam-Iu,   beyond   the   northern    limits    of  the 

map.  This  place  is  well  known  as  the  site,  for  many  hundreds 
of  years,  of  extensive  mining  operations  on  the  part  of  the  Chinese, 

who  extracted  very  large  quantities  of  silver-bearing  lead  ores  from 
the  rocks,  and  who  have  left  abundant  traces  of  their  activity  in 

the  enormous  heaps  of  lead  slag,  now  being  exploited  by  a  smelt- 
ing company,  covering  the  hill  slopes  surrounding  the  mines,  and 

in  the  numerous  adits  and  galleries  with  which  the  hills  are  honey- 
combed. An  account  of  the  geology  and  mineralogy  of  these 

mines  will  be  found  in  the  Records  of  the  Geological  Survey  of 
India,  Vol.  XXXVII,  Pt.  3,  the  result  of  observations  made  by 

Mr.  J.  Coggin  Brown  and  myself  during  a  visit  to  the  mines  in  Feb- 
ruary 1907.  At  the  time  of  our  visit  the  Company  had  not  yet 

begun  operations,  beyond  prospecting  the  slag  heaps,  and  the  place 
was  in  much  the  same  state  as  when  the  Chinese  deserted  it, 

owing,  it  is  supposed,  to  political  troubles  and  the  incursions  of  the 
Kachins,  over  50  years  ago.  For  the  present  it  is  sufficient  to  say 
that  the  ores  occur  among  the  tuffs  and  rhyoiites  of  the  volcanic 

series,  and  that  the  mineralisation  of  the  rocks  is  due  to  the  pre- 
sence of  a  great  dislocation  or  overthrust,  in  the  neighbourhood  of 

which  they  are  intensely  crushed  and  shattered. 

This  dislocation   is  one   of  the  most  striking  features   of  the 

o  {   lt  structure   of  the   rocks   in   this  part   of  the 
Shan  Hills,  and  it  has  been  traced  for  many 

1  Op.  cii.,  Vol.  II,  p.  32. 
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miles  to  the  south  of  Bawdwin,  running  parallel  to  the  Nam-Tu. 
It  will  be  dealt  with  more  fully  later  on,  in  connection  with  the 
description  of  the  lower  Palaeozoic  rocks  (see  p.  136).  At  Bawdwin 
it  runs  almost  due  north  and  south,  and  its  effects  are  abundantly 
noticeable  in  the  twisted  and  shattered  condition  of  the  strata  in 

its  vicinity.  Unfortunately  the  country  round  Bawdwin  has  not 
yet  been  topographically  surveyed  on  a  sufficiently  large  scale  to 
enable  the  relations  of  these  rocks  to  the  strata  under  and  over- 

lying them  to  be  clearly  made  out,  and  it  is  as  yet  uncertain 

whether  they  should  be  classed  with  the  Chaung-Magyi  series,  or  with 
the  lowest  group  of  fossiliferous  rocks. 

To  the  south  of  Bawdwin  these  volcanic  beds  are  almost  every- 
where overlapped  by  Silurian  sandstones,  and Extension    to     south         i  _i  .     .    t  „ 

and  south-east.  onlY   aPPear    at    one   or  two  PlaceS  >   at  Lon§- 
tawktao   (F  1)  ;  further  to  the  south  at  Kun- 

hawt  (E  1),  where  there  is  a  small  exposure  of  sph&rulitic  rhyolite, 
and  between  the  latter  place  and  Hunang  (E  2).     In  the  ranges 

east  of  the  plateau  they  are  found  along  the  crest  of  the  Loi-len 
range  east  of  Lashio ;  among  the  hills  between  Mong-Yai  and  the 
valley  of   the   Nam-Ha ;   and   on   the  west  side   of   Loi  Twang. 

Where  present,    they  invariably  occur  between  the  Chaung-Magyi 
rocks  and  the  lowest  member  of  the  fossiliferous  series,  but  they 

do  not  form  a  continuous  band,   and  had   evidently  either  been 

subjected  to   aerial  denudation  before  the  deposition  of  the  latter, 
or  are  overlapped  by  higher  beds. 

The  Bawdwin  rhyolites  exhibit  the  usual  phenomena  observed 

in  acid  glassy  lavas,  such  as  flow,  sphse- 

acteiirographiCal  Chai"  rulitic  and  perlitic  structures,  corrosion  of  the 
quartz  phenocrysts,  and  the  like  (Plate  6,  fig.  1). 

The  groundmass  is  always  cryptocrystalline  having  probably  under- 
gone a  certain  amount  of  devitrification,  and  sometimes  exhibits 

the  peculiar  breaking  up  into  irregular  areas,  alternately  light  and 

dark  under  crossed  nicols,  known  as  a  "  quartz  mosaic." 
This  structure  is  exactly  the  same  as  that  which  occurs  in  some 

of  the  Malani  rhyolites  of  Western  Rajputana  of  pre-Vindhyan  age ; 
and  in  the  rocks  from  both  localities,  wherever  this  structure  occurs, 

the  quartz  phenocrysts  are  surrounded  by  a  "  court "  or  closed 
area  (Plate  6,  fig.  2),  the  quartz  of  which  is  in  optical  continuity 

1  T.  D.  LaTouche,  Geology  of  Western  Rajputana :  Memoirs,  Geol.  Surv.  Ind.,  Vol. 
XXXV,  Pt.  I,  p.  83. 
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with  that  of  the  phenocryst,  and  extinguishes  simultaneously  with 

it  under  crossed  nicols.1  On  the  other  hand,  precisely  the  same 

structure  has  been  shown  by  Dr.  Fermor  1  to  occur  in  the  rhyolites 
of  Pavagad  Hill,  in  the  Panch  Mahals  district,  Bombay  Presi- 

dency, which  are  interbedded  with  Deccan  Traps,  and  are  therefore 
of  Cretaceous  age.  The  presence  of  this  structure  cannot  therefore 

be  taken  as  evidence  of  similarity  in  age  between  the  Bawdwin 

and  Malani  rhyolites ;  but  in  other  respects,  such  as  the  prepon- 
derance of  quartz  phenocrysts  over  those  of  felspar,  the  absence  of 

plagioclase  felspar  and  of  augite,  they  both  resemble  each  other,  and 
differ  from  the  lavas  of  Pavagad  Hill,  as  described  by  Dr.  Fermor. 

There  can  be  no  doubt  that  the  Bawdwin  rhyolites  are  older 

than  Ordovician,  and  they  must  therefore  belong  to  a  period  not 

very  far  removed  from  that  of  the  outpouring  of  the  Malani  lavas. 

The  felspars  of  the  Bawdwin  rhyolites  are  usually  quite  de- 
composed, both  in  the  phenocrysts  and  in  the  groundmass,  and  are 

represented  by  a  fibrous,  felted  mass  of  (?)  sericite,  which  also 

fills  cracks  in  the  groundmass.  Where  the  felspar  is  not  decom- 
posed it  is  invariably  orthoclase  ;  sometimes  the  outlines  of  the 

crystals  are  still  preserved,  and  in  some  cases  traces  of  simple  twin- 
ning are  still  visible.  Iron  ores,  exhibiting  the  white  mesh-work 

characteristic  of  leucoxene,  are  usually  present,  but  I  have  found 
no  trace  of  any  of  the  ferromagnesian  minerals,  or  of  mica. 

Mr.  Coggin  Brown  has  shown  that  the  mineralisation  of  the  rock 

M.  ii  t-  n  consists  in  the  metasomatic  replacement  of 
the  felspar,  both  of  that  in  the  groundmass 

and  the  phenocrysts,  by  galena  and  other  sulphides.  In  the  final 
stages  of  the  process  the  quartz  grains  were  also  attacked,  and 

"  specimens  can  be  found  showing  only  a  very  small  proportion  of  the  original 
minerals  replaced  by  sulphides,  through  others  composed  of  sulphide  ores  and  a 
large  amount  of  quartz,  and  finally  those  which  consist  almost  entirely  of 

sulphides,  with  very  little  quartz."2 
At  Bawdwin  itself  sphaerulitic  lavas  have  not  been  met  with, 

but  in  some  specimens  perlitic  cracks  are  seen 
Structures  in  rhynhto.  .  1 

traversing  the  quartz  phenocrysts  and  occa- 
sionally extending  beyond  their  borders  into  the  groundmass. 

SphcTrulites  occur,  however,  at  some  other  localities,  at  Kunhawt, 

1  On  the  Lavas  of  Pavagad  Hill ;  Records,  Geol.  Surv.  Ind.,  Vol.  XXXIV,  Pt.  3,  pp.  154, 
160. 

2  The  Silver-lead  mines  of  Bawdwin  ;  Ibid,  Vol.  XXXVII,  p.  251. 
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for  instance,  and  in  the  exposure  at  Wantawng  (G  5)  on  the 

west  side  of  the  Loi  Twang  range  (Reg.  Nos.  17/796,  19/966). 1 
A  lava  with  large  spha?rulites  is  also  found  on  the  pass  between 
Nawa  (I  3)  and  Mong  Yai,  the  capital  of  South  Hsenwi,  in 

the  ranges  south  of  Loi  Ling  (Reg.  No.  20/957). 
The  tufTs  form  by  far  the  greater  part  of  the  bulk    of  these 

deposits,    the    flows    of   rhvolite    being  quite 
subordinate.  They  resemble  the  latter  in 

composition,  and  consist  of  fragments  of  quartz  and  felspar  imbed- 
ded in  a  fine-grained  matrix  of  volcanic  dust.  It  is  interesting  to 

find  that  occasionally  a  fragment  of  rhyolite  occurs  in  the  matrix, 
showing  the  mosaic  structure  of  the  groundmass  referred  to  above. 
This  observation  seems  to  prove  that  this  structure  must  have  been 
developed  in  the  lavas  at  the  time  of  their  consolidation,  as  I  have  already 

contended  in  my  account  of  the  Malani  rhyolites  (Loc.  cit.,  pp.  84, 
89),  and  is  not  due  to  devitrification  of  the  groundmass  at  a 

later  period.  In  this  contention  I  am  supported  by  Dr.  Fermor, 
who  came  to  the  same  general  conclusion  from  his  study  of  the 

lavas  of  Pavagad  Hill  (Op.  cit.,  p.  163),  though  he  is  inclined  to 
think,  arguing  from  the  case  of  a  granite  from  Singbhum,  in  which 
a  similar  mosaic  occurs,  that  the  development  of  the  structure 

was  not  absolutely  contemporaneous  with  the  primary  solidification 

of  the  rock,  but  took  place  immediately  afterwards,  while  the  mass 
was  still  hot,  and  is  to  that  extent  of  a  secondary  nature. 

The  felspar  of  the  tuffs  is  generally  in  as  decomposed  a  condi- 
tion as  that  of  the  lavas,  and  is  replaced  in  the  same  way  by  sul- 

phide ores  in  the  neighbourhood  of  the  great  Bawdwin  overthrust. 

It  seems  to  be  a  reasonable  hypothesis  that  the  Chaung-Magyi 
series  and  the  older  crystalline  rocks  formed  in 

acJjviiyd    of   volcanic    early  Palaeozoic  times  a  land  surface,  perhaps with  a  cluster  of  detached  islands  or  shoals  to 

the  south-east  of  the  main  area,  the  shores  of  which  were  washed  by 

the  seas  in  which  the  succeeding  fossiliferous  strata  were  deposited. 

These  older  rocks  had  been  folded,  upheaved,  and  greatly  denuded 

before  this  deposition  occurred,  and  it  seems  not  unlikely  that,  at 

some  time  during  this  period  of  disturbance,  volcanic  forces  became 

active,  and,  if  so,  that  the  most  probable  places  in  which  the  out- 
breaks   would   occur   would  be  situated  along  the  shores  of  this 

1  These  numbers  refer  to  the  register  of  rock  specimens  in  the  Geological  Survey 
Museum. 
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ancient  land.  Under  such  circumstances  it  would  be  quite  natural 
that  the  volcanic  deposits  would  be  partly  removed  by  denudation, 

either  marine  or  sub-aerial,  and  partly  overlapped  and  concealed 
by  the  succeeding  strata,  so  soon  as  the  conditions  became  favour- 

able for  the  deposition  of  the  latter.  It  may  be  conjectured,  there- 
fore, that  the  volcanic  rocks  belong  neither  to  the  period  of  de- 

position of  the  Chaung-Magyi  series  nor  to  that  of  the  succeeding 
formations,  but  occupy  an  intermediate  position.  As  they  partici- 

pated in  the  disturbances  that  affected  the  Chaung-Magyi  series, 
and  are  not  fossiliferous,  but  formed  a  portion  of  the  rocky  floor 

on  which  the  succeeding  formations,  the  age  of  which  can  be  de- 
termined by  fossils,  were  laid  down,  I  prefer  to  classify  them  for 

the  present  with  the  older  rocks. 

Intrusive  Rocks. 

Among  the  Chaung-Magyi  rocks  great  intrusions  of  granite  are 
found  in  some  places,  especially  in  the  main 

Intrusive  granite.  m  „  ,  .  ,  ■,  , 
area  in  Tawng  Peng,  which  may  perhaps  be- 

long to  the  same  period  as  that  in  which  the  ejection  of  the  rhyo- 
lites  took  place.  These  rocks  are  especially  conspicuous  in  the 
neighbourhood  of  Nam  Hsan  (E  1),  the  capital  of  the  Tawng  Peng 

State,  which  is  built  upon  them  near  their  eastern  edge,  and  where 

they  occupy  a  large  area,  extending  for  several  miles  to  the  south, 
west,  and  north.  Large  dykes  of  granite  also  proceed  from  this 

granitic  expanse  towards  the  north-east,  to  within  a  few  miles  of 
the  rhyolitic  area  of  Bawdwin.  Intrusions  of  granite  also  occur 

among  the  Chaung-Magyi  rocks  on  the  north  side  of  Loi  Pan,  in 

Mong  Tung  State,  and  along  the  southern  slopes  of  Loi  Ling  in 
South  Hsenwi. 

The  rock  is  an  ordinary  granite,  consisting  of  quartz,  orthoclase, 

felspar,  sometimes  microcline,  and  biotite,  and 
^Petrographical    char-    ̂   evidence  of  intenge  curshing. 

The  felspar  in  a  mass    of  granite,  capping  a 

hill  at  Loihkam  (D  1),  21  miles   west   from  Nam  Hsan,  consists 

almost  entirely  of  microcline.     It  differs  from  the  granite  of  the 

Kuby  Mines  district,  described  above,  in  containing  no  tourmaline. 
It  is  somewhat  remarkable  that  instances  of  the  intrusion  of 

basic  rocks  are  exceedingly  rare  in  that  part 
Intrusions    of   basic    0f  the  Shan  States  described  in  the  present 

rocks-  Memoir.    Throughout  the  whole  ol  the  periods 
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represented  by  the  fossiliferous  Palaeozoic  and  Mesozoic  strata  volcanic 

activity  of  every  kind  seems  to  have  been  in  abeyance,  and  it  is  not 
until  we  reach  quite  late  Tertiary  times  that  we  find  evidences  of 
such  forces  being  still  in  existence  beneath  the  surface.  Such  basic 
intrusions  as  do  occur  are  confined  to  the  oldest  rocks,  and  are  of 

rare  occurrence  in  them.    One  small  dyke  was 
Diorite  near  Hpalam.  .  .  ,  .         ...  , . 

met  with  among  the  mica  schists  to  the  south 
of  the  Ruby  Mines,  between  the  villages    of    Hpalam    (C  1)  and 

Nalaw,  13   miles   east-south-east  of   Mogok.    This  rock  (Reg.  No. 
15/966)    is  a  dark    greenish    diorite    with   a   specific    gravity  of 

2*873,  consisting  of  plagioclase  felspar  (labradorite),  and  pale  green 
hornblende.     The   latter   forms   a   minutely   crystalline  cataclastic 

groundmass  ophitically  surrounding  the  felspar  (Plate  7,  fig.  1).  The 
only   accessory   minerals   are   scattered   granules   of   iron  ore,  the 
surface    of    which  shows    by    reflected  light  the  white  meshwork 
characteristic    of   leucoxene,   and  a  few    very  minute   needles  of 
apatite.     The    whole  rock  is   remarkably    fresh    looking,  and  the 
hornblende   may   be  of  secondary  origin,  in  which  case   it  should  be 

styled  an  epidiorite.    The  rock  differs    entirely  from  the  Tertiary 
dykes  of  Burma  in  containing  no  olivine,   and  I  am    not  aware  of 
any  other  locality  in  which  a  similar  rock  occurs  in  this  region. 

The  only  other  locality  in  which  basic  dykes,  older  than  the 
.       , ,  Tertiary  period,  have    been  found  is   in  the 

OliYine-gabbro.  .  , ,  "    ~     ,     ,  ■  T,  TT 
neighbourhood  of  Nam  Hsan,  near  the  eastern 

edge  of  the  granite    area,  into    which  they    have  been  intruded. 

This  rock  (Reg.  Nos.  17/792,  20/559)  is  quite  different  from  that 
described  above.     It  is  a  coarse-grained,  dense,  black,  holocrystalline 

rock  with  a  specific  gravity  of  from  3 "012  to  3 '04.     The  constituents 
are — olivine  in  large  granules  with  a  peculiar  violet-brown  tinge  ; 
plagioclase  felspar,  either  a  basic  variety  of  andesine,  or  labradorite  ; 
and  colourless  augite,  the  latter  ophitically  surrounding  the  olivine 
and  felspar.     The  rock  is  interesting  on  account  of  its  resemblance 
in  some  respects  to  the  olivine  norite  from  a  dyke  in  South  Rewa 
collected  by  Mr.  Datta  and  described  by  Sir    T.  Holland  in  the 
Records,  Geol.  Survey  of  India.  (Vol.  XXX,  Pt.  I,  p.  20),  although  the 
Nam  Hsan  rock  does  not  contain  enstatite,  and  cannot  therefore  be 

called  a  norite.     The  resemblance  lies  in  the  similarity  in  the  colour 
of  the  olivine  phenocrysts,  which  is  perhaps  due  to  the  presence 

of  manganese,  and  in  the  development  of  a  narrow  "  reaction  rim  " 
surrounding  the  olivine  crystals,  wherever  they  are  in  contact  with 
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the  felspars  (Plate  8,  figs.  1,  2).  This  rim  consists,  as  in  the  S. 
Rewa  rock,  of  two  zones,  the  inner  very  narrow,  composed  ot 
a  colourless  minutely  granular  mineral,  while  the  outer  zone,  which 
is  often  much  broader,  consists  of  a  finely  fibrous,  also  colourless 
mineral,  which  may  be  either  actinolite  or  tremolite.  In  the  S. 
Rewa  rock  the  inner  zone  was  considered  by  Sir  T.  Holland  to  be 

enstatite,  on  account  of  its  optical  continuity  with  the  adjoining 

crystals  of  that  mineral,  but  the  Nam  Hsan  rock  does  not  con- 
tain any  enstatite,  and  it  cannot  therefore  be  determined  to  what 

species  the  mineral  of  the  inner  zone  must  be  referred.  The 

"  reaction  rim  "  is  entirely  absent  where  the  olivine  comes  into 
contact  with  the  augite,  but  it  sometimes  expands  into  the 
interstices  between  the  other  constituents  of  the  rock.  A  little 

mica  is  sometimes  included  in  it.  The  peculiar  colour  of  the 
olivine,  which  is  perhaps  more  pronounced  in  the  Nam  Hsan 
rock  than  in  that  from  S.  Rewa,  is  seen,  under  a  high  power,  to 
be  due  to  inclusions  of  dusty  matter,  some  of  which  may  be 
manganese,  for  Dr.  Fermor  informs  me  that  a  trace  of  this  mineral 

occurs  in  the  Nam  Hsan  rock,  and  the  analysis  given  on  p.  20 

of  Sir  T.  Holland's  paper  shows  that  it  occurs  in  his  specimen also. 

The  felspar  is  a  variety  giving  a  fairly  high  angle  of  extinction, 
either  a  basic  andesine  or  labradorite.  It  possesses  a  light  reddish 
brown  colour,  due  to  the  presence  of  minute  inclusions.  This 
character  is  exactly  similar  to  that  noted  by  Sir  T.  Holland  in  the 

felspars  of  some  of  the  other  rocks  described  in  the  same  paper, 
notably  in  the  olivine  norites  from  Singapuram,  Salem  district  (Reg. 

No.  9/398,  p.  24),  and  Vitlapuram,  South  Arcot  (Reg.  No.  9/811, 
p.  25)  ;  but  whereas  in  the  two  latter  rocks  the  colour  is  more 

pronounced  in  the  centre  of  the  crystals,  fading  away  towards  their 
edges,  in  the  Nam  Hsan  rock  it  is  concentrated  along  the  edges 

of  the  crystals.  The  peculiar  colour  of  the  olivine  is  more  pro- 
nounced in  these  rocks  from  Salem  and  South  Arcot  than  in  that 

from  S.  Rewa.  One  important  point  of  difference  between  the 

Nam  Hsan  rock  and  those  from  S.  India  may  be  noted,  namely, 
that  in  the  former  the  felspar  has  crystallised  before  the  augite, 
which  surrounds  it  ophitically,  whereas  in  the  latter  the  felspar  has 

been  the  last  mineral  to  consolidate.  Magnetite  in  fairly  large 
quantities,  and  a  little  biotite,  are  the  only  accessory  minerals  that 
I  have  been  able  to  detect  in  the  Nam  Hsan  rock. 
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Age  of  the  dykes. 

The  South  Indian  dykes  are  intrusive  in  rocks  belonging  to  the 

Dharwar  series,  and  are  probably  contem- 
poraneous with  the  trap  flows  in  the  Cuddapah 

series  of  that  area  (Holland,  Op.  cit.,  pp.  36,  37).  Those  of  Nam  Hsan 
must  belong  to  a  somewhat  later  period,  for  they  are  intrusive  in  the 

granite,  which  is  itself  intrusive  in  the  rocks  of  the  Chaung-Magyi 
series,  and  I  have  already  given  reasons  for  supposing  that  this 
series  is  of  later  age  than  the  Dharwars.  The  Nam  Hsan  rock  is 

quite  different  from  the  Tertiary  olivine  basalts  of  Loi  Han  Hun, 
described  by  me  in  the  Records,  Geol.  Survey  of  India,  Vol  XXXVI, 

Pt.  1,  p.  42,  and  referred  to  below  (p.  314) 

®%kt®m»   ML:   a  rj%  •  -6M 

From  a  sketch  hy  the  author. 

Via.  3.  The  Chaung-Magyi  at  Gwegyaung.    Hpataunggyi  in  the  distance. 



CHAPTER  VI. 

ORDOVICIAN  SYSTEM. 

In  studying  the  geology  of  an  area  that  has  not  been  previously 
surveyed   it  is  convenient,  and  in  most  cases 

Nomenclature.  ,     ,      ,  .        ,  , 
absolutely  necessary,  to  give  local  names  to 

the  formations  met  with ;  and  the  names  that  naturally  occur  to 

the  surveyor  are  those  of  villages,  hills,  rivers,  etc.,  in  the  vicinity 
of  which  he  first  meets  with  that  particular  formation.  Moreover, 
if  two  observers  are  working  in  the  same  region,  and  are,  as  so  often 

happens  in  this  country,  unable  to  communicate  with  each  other,  differ- 
ent names  are  apt  to  be  given  to  the  same  formation,  especially  when  the 

character  of  the  country  is  such  that  it  is  difficult  to  correlate  one 
set  of  observations  with  another  by  mere  description  of  the  rocks 
which  each  individual  has  met  with.     It  is  for  this  reason  that  so 

many  discrepancies  will  be  found  in  the  accounts  of  the  geology 
of  the  Shan  States  originally  published  in  the  General  Report  of 

the  Geological  Survey  of  India  for  1899-1900  by  Mr.  Middlemiss, 
Mr.  Datta,  and  myself.     Indeed,  so  widely  did  the  interpretation 
that  each  of  us  put  upon  the  observations  we  had  made  differ 

from  each  other,  that  it  was  thought  advisable  at  the  time  to  pub- 
lish each  description  separately,  leaving  it  to  future  investigation 

to  reconcile  the  points  of  difference.     The  names  given  by  Dr. 

Noetling  also,   during  his  rapid  traverse  of  the  same  ground  in 

1890,  do  not  correspond  with  ours.     For  instance,  his    1  Pyintha 
limestones,'  of  lower  Silurian  age,  were  found  to  include  beds  belong- 

ing to  both  the  Ordovician  and  Silurian  systems,  and  were  sub- 
divided by  me  into  the  Zebingyi  beds  (upper  Silurian),  Nyaungbaw 

and   Naungkangyi   beds    (Ordovician).    Also   his    '  Mandalay  lime- 
stones,' which  he  placed  beneath  the  Pyintha  limestone,  have  since 

been  found  to  include  strata  of  Devonian  age. 
As  the  survey  of  such  a  countiy  proceeds,  however,  some  of  the 

,  names  at  first  given  to  the    formations  are 
Correlation  with  Euro-     »  r      »  .  ~  .  , 

pcan  systems.  found  to  be  inconvenient,  or  not  sufficiently 
comprehensive ;  others  are  rejected,  as  the 

identity  of  the  strata  becomes  apparent,  to  which  at  first  separate 

names  had  been  given  in  different  localities  ;  while,  as  the  collec- 
tions of  fossils  expand,  and  the  genera  and  species  to  which  they 

belong  are  determined,  it  becomes  possible  to  correlate  the  forma- 
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tions  more  or  less  closely  with  those  in  far  distant  regions,  in  which 

the  geological  nomenclature  is  already  established.  Thus  it  is  pos- 

sible in  the  Shan  States  to  give  the  well-known  European  designa- 
tions to  those  larger  groups  of  strata  which  we  call  systems  : 

and  it  would  be  mere  affectation  to  call  these  groups  by  local 
names,  where  there  is  such  a  close  agreement  in  the  whole  assem- 

blage of  fossils  as  we  find  in  the  present  case.  For  although  there 
may  be  truth  in  the  contention  that  this  very  agreement  in  specific 
characters  is  evidence  that  the  beds  in  which  the  fossils  occur  can- 

not be  strictly  contemporaneous,  when  we  are  dealing  with  localities 

at  great  distances  apart  (since  it  presupposes  a  migration  of  forms, 
which  must  have  occupied  a  certain  amount  of  time,  from  one  area 

to  another),  yet  such  an  objection  cannot  apply  to  the  general  con- 
temporaneity of  a  whole  system.  If,  moreover,  as  seems  to  be 

generally  admitted,  the  present  zonal  distribution  of  climate  on  the 

earth's  surface  was  not  established  till  late  in  the  world's  history, 
the  objections  to  the  contemporaneous  existence  of  identical  forms 
of  life  in  areas  widely  differing  in  latitude  lose  much  of  their  force. 

In  the  following  descriptions  of  the  fossiliferous  rocks  of  the 
Shan  States,    therefore,  I  propose  to  use  the 

Names  of  sub-divisions.         ...  ,       ,  . 
well-known  names  already  m  use  as  applied 

to  the  systems  ;  but  the  case  is  different  as  regards  the  sub-divisions 
of  which  those  systems  are  composed.  Until  the  geology  of  Western 

China,  especially  of  Yunnan,  and  of  Central  Asia  is  better  known,  it  is 
not  possible  to  trace  these  minor  divisions  beyond  the  confines 
of  the  Shan  States,  and  as  some  of  them  appear  to  be  as  closely 

connected  by  their  fossil  contents  with  strata  already  described  in  North 
America  as  with  those  of  northern  Europe,  very  much  remains  to  be 
done  before  we  can  determine  which  system  of  classification  is  to  be 

adopted.  Moreover,  as  our  future  surveys  will  probably  take  the  Shan 
States  as  a  centre,  it  is  convenient  to  employ  a  local  standard  of  position 
to  which  to  refer.  It  is  only  when  the  formations  have  been  linked 

up  with  those  beyond  the  barrier  of  unexplored  or  little-known  terri- 
tory that  it  will  be  possible  to  adopt  a  more  widely  accepted 

nomenclature. 

The   name  '  Ordovician,'  as  that  of  a  separate  system,  has  not 

Discrepancy    between    until  now  been  employed  by  Indian  geologists, 
Burmese   and   Himala-    and  the  reasons  for  its  use  here  perhaps  re- 
yan  geology.  quire  some  explanation    My  object  in  doing 
so   is  to  emphasise  at  the    outset  the    great  want  of  accordance 
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that  has  been  found  to  exist  between  the  geology  of  eastern  Upper 
Burma  and  that  of  India  proper.  This  discrepancy  was  at  once 

noticed  by  Dr.  Noetling,1  and  further  discoveries  have  shown  that 
it  is  much  wider  than  even  he  supposed.    He  says  : — 

"  The  presence  of  such  a  characteristic  form  as  an  Echinosphcerites  even  permits 
the  identification  of  the  exact  horizon  of  the  red  limestone  (i.e.,  the  Pyintha  limestone). 
It  is  an  equivalent  of  the  Echinosphcerites  limestone  of  the  Baltic  provinces.  It  not 
only  contains  the  same  fossils  but  also  strongly  resembles  the  latter  lithologically. 
How  can  we  account  for  such  a  strange  phenomenon  as  this  ?  We  find  here  a  fauna 

under  22°  northern  latitude  which  is  precisely  the  same  as  that  found  in  the 
Baltic  provinces  (59°  to  66°  N.  Lat.),  whilst  the  Silurian  fauna  of  the  Himalayas 
approaches  much  closer  to  the  Silurians  of  Central  Europe.  The  fauna  of  the  lower 
Silurians  of  the  Himalayas  is  as  different  from  that  of  the  Shan  hills  as  is  the  Silu- 

rian fauna  of  Bohemia  from  that  of  England.  It  must  therefore  be  assumed  that 
a  branch  of  the  Arctic  province  of  the  ocean  by  which  the  lower  Silurian  beds  were 

deposited,  reached  at  least  to  22°  N.  Lat.,  of  the  Indo-Chinese  peninsula  ;  it  is  even 
likely  that  it  extended  still  further  to  the  south,  as  the  limestone  beds  of  the  Shan 

hills  are  again  met  with  in  Tenasserim." 
It  is  a  curious  point  that  the  fossil  on  which  these  remarks  were 

based,  described  by  Dr.  Noetling  in  the  paper 

deans1111'61106  °f  Cystl~  quoted  above  as  a  gigantic  species  of  Echino- sphcerites, and  named  E.  Kingi,  has  turned  out, 

on  further  examination,  not  to  belong  to  that  genus  at  all  but  to 

be  a  Camarocrinus  allied  to  the  Bohemian  genus  Lobolithus,  occur- 

ring in  the  lower  Helderberg  beds  of  America.  Subsequent  investi- 
gation has  shown,  however,  that  the  beds  beneath  the  red  limestone, 

in  which  this  fossil  was  found,  are  characterised  by  the  presence 
throughout  of  well  preserved  specimens  and  enormous  numbers  of 

detached  plates  of  true  cystideans,  all  of  which,  "  with  the  exception 
of  Aristocystis,  are  especially  characteristic  of  the  lower  Ordovician 

beds  of  Northern  Europe  and  particularly  of  the  Kussian  Baltic  Pro- 

vinces."2 Thus  Dr.  Noetling's  observation,  though  depending  on 
imperfect  knowledge,  has  been  justified  by  the  results  of  further 
research. 

The  formations  comprising  the  Ordovician  system  in  the  Shan 
States  have  received  the  following  names,  in List  of  formations.  .  ,.  . 
descending  order : — 

(Nyaungbaw  Limestone.) 
Hwe  Mawng  Purple  Shales. 

1  Field  Notes  from  the  Shan  Hills  ;  Records,  Oeol.  Surv.  Ind.,  Vol.  XXIII,  Pt.  2, 
p.  79:  also  Ann.  Report  for  1890,  Ibid,  Vol.  XXIV,  Pt.  1,  p.  12. 

2  F.  R.  Cowper  Reed,  Lower  Palaeozoic  Fossils  of  the  N.  Shan  States;  Pal.  Ind., 
New  Str.,  VoL  II,  Mom.  No.  3,  p.  85, 
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Upper  Xaungkangvi  Stage. 
Lower  Xaungkangvi  Stage. 

(Ngwetaung  Sandstones.) 

As  will  be  explained  below  in  dealing  with  each  formation,  this 

sequence  is  not  universally  present,  the  members  of  it  enclosed  in 

brackets  being  extremely  local  in  occurrence,  while  there  is  a  very 
close  connection  between  the  upper  Xaungkangvi  beds  and  the 

purple  shales  of  Hwe  Mawng.  In  fact  it  is  only  for  convenience 
of  description,  since  they  occur  in  widely  separated  areas,  and  it 
is  not  yet  certain  how  far  they  are  mutually  equivalent,  that 

different  names  are  now  given  to  them. 

Ngwetaung  Sandstones. 

These  beds  consist  of  coarse  to    fine-grained  brown  sandstones 
usuallv   with  a   somewhat    calcareous  matrix 

teretnd^cuiibution0'    and  sometimes  enclosing  thin  lenticular  bands of  limestone,    forming  the  crest  and  western 

slopes  of  the  high  range  of  hills  culminating  in  the  peak  of  Xgwe- 

taung   (3.403  ft.  B  5),  which  rises  boldly  from  the  foot-hills  due 
east   of  Mandalav,  and  is  distinctly  visible  from  that  place.  These 
sandstones,  so  far  as  has  been  ascertained,  contain  no  characteristic 

fossils,  the  only  remains  found  in  them  being  scattered  fragments 
of  crinoid  stems,  and  a  few  very  ill-preserved 

Fo     "  specimens  of  a   small  Orthis    (0.  testudinaria 
Dalman).  They  are  separated  off  from  the  more  fossiliferous  beds 

overlying  them  because  they  seem  to  be  of  extremely  local  develop- 
ment, and  because  none  of  the  characteristic  fossils  of  the  higher 

beds,  with  the  exception  of  the  doubtful  Orthis  mentioned  above, 
have  been  found  in  them.  To  the  west  they  are  cut  off  by  a 

fault,  the  rocks  forming  the  western  side  of  the  longitudinal  valley 

separating  Xgwetaung  from  the  foot-hills  being  Devonian  limestones. 

They  may  perhaps  appear  a  little  further  east,  on  the  eastern  side 

of  the  Kyet-maok  valley  above  Taunggaung.  being  brought  up  by 

a  parallel  fault,  but  no  fossils  were  found  in  them  here,  and  it 

was  found  impossible,  owing  to  the  want  of  clear  sections,  to  separ- 
ate thorn  distinctly  from  the  underlying  Chaung-Magyi  rocks.  They 

have  not  been  found  iti  any  other  locality  at  the  base  of  the  fos- 
siliferous series,  though  they  may  perhaps  be  represented  on  the 

southern  scopes  of  the  Loi-len  range  to  the  east  of  Lashio,  where 



ORDOVICIAN  SYSTEM :  LOWER  NAUNGKANGYI  STAGE. 

67 

one  or  two  specimens  of  0.  testudinaria  were  picked  up  near  the 
crest. 

Lower  Naungkangyi  Stage. 

The  name  Naungkangyi  was  given  to  these  rocks  from  a  village 

^  ]at  lying  two  and  a  half  miles  to  the  north  of 
Maymyo,  because  the  first  remains  of  true 

Cystidean  plates  were  found  in  1899,  at  the  point  where  the  path 
leading  to  this  village  crosses  the  low  hills  north  of  the  railway 
station.  The  actual  beds  in  which  these  fossils  were  discovered 

have  since  been  found  to  belong  to  the  upper  part  of  a  great  series 
which  has  a  wide  distribution  in  the  Shan  States,  from  which 

large  collections  of  fossils  have  been  made  and  submitted  for  de- 
scription to  Mr.  F.  R.  Cowper  Reed.  The  collections  were  sent  to 

him  in  1903,  before  the  stratigraphical  details  of  the  series  had  been 
worked  out,  and  for  this  reason  the  whole  of  the  fossils  weie  de- 

scribed as  coming  from  the  Naungkangyi  beds  ;  and  the  resul  ts  of 

his  investigations  having  already  been  published  in  the  pala?ontolo- 
gia  Indica  (New  Series,  Vol.  II,  Memoir  No.  3),  I  consider  it 

advisable  to  retain  the  name  for  the  whole  group  of  strata  from 
which  the  fossils  were  collected,  though  further  investigation  has 

shown  that  Mr.  Reed  was  perfectly  correct  in  saying  that  undoubt- 
edly more  than  one  stage  was  represented  among  them.  Even 

now  further  research  will  almost  certainly  show  that  the  dual 

division  which  I  have  made  is  incomplete,  and  the  present  classi- 
fication must  be  understood  as  a  rough  approximation  to  the  truth 

only. 

The  lower  beds  of  this  formation  consist  of  yellow  or  buff- 
coloured   sandy   marls,   with   strong  lenticular 

jLithoIogical     charac-    bfmds    of    coarse]y    crystalline    limestone,  all 
containing  fossils.  It  is  probable  that  t  lie 

marly  beds  were  originally  calcareous,  though  they  may  now  con- 
tain no  trace  of  lime,  and  that  their  present  condition  is  the  result 

of  the  leaching  out  of  the  calcareous  matter  by  weathering,  for  they 
are  sometimes  fount!  to  pass  into  solid  limestone  when  excavated  to 

a  sufficient  depth.  Near  Taungkyun  (B  5),  for  instance,  a  village 

on  the  eastern  side  of  Ngwetaung,  where  Orthis  (Dahnanella)  elc- 
gantula  Dalman  is  exceedingly  common,  it  occurs  in  what  appears 

to  be  a  fine  grained  pinkish-brown  sandstone,  but  on  digging  into 
p2 
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the  rock  this  is  found  to  be  a  mere  veneer,  though  often  of  con- 
siderable thickness,  containing  no  trace  of  calcareous  matter,  on  a 

hard  dense  blue  limestone,  in  which  no  fossils  can  be  detected, 

though  it  is  quite  certain  that  the  outer  sandy  coating  is  a  direct 
result  of  the  weathering  of  the  limestones. 

The  fossils  occurring  in  the  lower  portion  of  the  Naungkangyi 
group  of  strata  are  the  following.     The  names 

List  of  fossils.            6,     r  . 
of  new  species  are  printed  m  heavier  type : — 

Cystidea  : — 

Aristocystis  dagon  Bather 
Hehocrinus  fiscella  Bather 

„        rugatus  Bather 
„  qualus  Bather SP- 

Echimencrinus  aff.  Senckenbergi  E.  V.  Meyer 
Cheirocrinus  sp. 

Caryocrinus  turbo  Bather 

,,       avellana  Bather 
„       aurora  Bather 

„  sp. 
Protocrinus  sparsiporus  Bather 

Bryozoa  : — 
Eseharopjra  sp. 

Rhinidictya  cf.  plumula  Salter sp. 

Phylloporina  orientalis  Reed 
Diplotrypa  sedavensis  Reed 

„  sp. Fistulipora  sp. 

Brachiopoda  : — 

Schizotreta  cf.  ellvptica  Kutorga 

Rdfimsquina  imbrex  Pander 
subdeltoidea  Reed 

Lrptcena  (?)  ledetensis  Reed 
Plectambonilesqu inq u ecostata  M c C oy 

sericca  Sowerby 

Chonetcs  (? ;  thebavensis  Reed, 
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Orthis  calligramma  Dalman 

,,         (Dalmanclla)  testudinaria  Dalman 

(       ,,         )  elegantula  Dalman 

,,        (  ?  )  chaungzonensis  Reed 

,,        (Dinorthis)  fiabellulum  Sowerby 
„       irravadica  Reed 

subcrateroides  Reed 

Chtambonites  cf.  pyron  Eichwald 

,,  cf.  squamata  Pahlen 
Pcrambonites  intercedens  Pander 

Arthropoda  : — 

Calymene  birmanica  Reed 

Incertay  sedis  : — 

Cijclocrinus  cf.  Spasski  Eichwald 

The  great  variation  in  the  lithological  character  of  the  rocks  at 
the   different  localities    from  which   the  fos- 

in^sepTrafe  outcropf**"  sus  nave  Deen  collected,  and  the  fact  that in  many  cases,  particular  forms  have  only 
been  found  in  one  locality,  renders  it  extremely  difficult  to  trace 

any  connection  between  the  occurrences  at  one  place  or  another. 
Thus  at  Sedaw  (Loc.  88,  B  5),  where  all  the  Cystideans  described 

by  Dr.  Bather  were  obtained,  the  fossils  are  found  weathering 
out  as  hard  limestone  nodules  from  a  thick  band  of  papery  shales, 
which  have  been  met  with  nowhere  else ;  but  where  the  railway 

crosses  the  strike  of  these  beds,  above  the  fourth  Reversing  station 

at  the  head  of  the  sharp  ascent  from  Sedaw  to  the  Zebingyi  plateau 

the  only  rocks  seen  are  hard  thin-bedded  grey  and  reddish  lime- 
stones, in  which  only  the  faintest  traces  of  fossils  have  been  detec- 

ted. Nothing  like  the  papery  shales  in  the  ravine  below  is  to  be 
seen  either  to  the  north  or  south  of  the  Sedaw  valley.  It  wil)  be 
necessary  therefore  to  describe  each  outcrop,  where  collections  of 

fossils  have  been  made,  separately,  and  only  to  attempt  to  cor- 
relate them  with  each  other  when  such  a  course  seems  to  be  justified 

by  a  similarity  in  the  fauna. 

The  beds  at  Sedaw  in  which  the  Cystideans  mentioned  above 

Fossils  Seda  occur  may  be  reached  by  taking  a  path,  which leads  up  the  left  hank  of  the  Sedaw  river  ironi 
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the  station  to  the  back  of  the  hill  up  which  the  zig-zags  of  the 
railway  are  carried.  This  hill  is  composed  of  Devonian  limestones, 
which  are  separated  from  the  Ordovician  rocks  by  a  fault  running 
north  and  south  along  the  bed  of  the  ravine  at  the  back  of  the 

hill,  and  crossing  the  railway  just  below  the  third  Reversing  station, 
where  the  crushed  and  slickensided  aspect  of  the  soft  Ordovician 

limestones  and  shales  is  very  conspicuous.  The  fossils  are  found 
scattered  over  the  slopes  on  the  eastern  side  of  the  ravine,  and  are 

sometimes  found  embedded  in  the  shales.  They  comprise  : — 

Aristocystis  dagon,  Heliocrinus  fiscella,  H.  rugatus,  H.  qualus,  Oary- 
ocrinus  turbo,  C.  avellana,  C.  aurora,  and  Protocrinus  sparsiporus, 

all  new  species  determined  by  Dr.  Bather ;  Diplotrypa  sedavensis 

Reed  ;  D.  sp.;  Fistulipora  sp.  Schizoireta  cf.  elliptica  Kutorga  ;  Rafi- 
nesquina  imbrex  Pander ;  Clitambonites  cf.  pyron  Eichwald ;  and 
Poramhonites  intercedens  Pander. 

Of  these  fossils  Aristocystis  is  the  only  genus  that  has  not  been 
found  elsewhere  than  in  Bohemia.  Accord- 

ing to  Dr.  Bather1  it  has  not  yet  been  re- 
corded from  America,  or  from  the  Ordovician  of  either  England  or 

the  Baltic  Provinces.  Only  one  species  is  recognised  by  Dr.  Jaekel 
as  belonging  to  the  genus,  namely,  A.  bohemicus,  Barrande,  and  the 
Burmese  species  seems  to  be  sufficiently  distinct  from  this  to  warrant 
a  specific  name,  though  Dr.  Bather  calls  attention  to  certain  points 
of  similarity. 

Heliocrinus  ranges  from  the  base  of  the  Llandeilo  to  upper 

Caradoc  beds,  and  is  of  wide  distribution  in  northern  Europe.  Of 
the  new  species  described  by  Dr.  Bather  H.  fiscella  approaches 
most  nearly  to  H.  balticus  Eichwald  and  H.  aranea  Schlotheim. 
//.  rugatus  resembles  in  its  ornamentation  H.  Helmhackeri  Barr.  and 

//.  Rouvillei  v.  Kcenen,  but  has  a  less  projecting  mouth  and  anus. 

//.  qualus  approaches  in  shape  nearest  to  H.  confortatus  Barr.  and 
in  ornamentation  to  H.  granatum  Wahlenb.  Caryocrinus  is  mainly 

confined  to  beds  of  Niagaran  (Wenlock)  age  in  the  United  States, 
but  two  species  have  been  recorded  from  Scandinavia  in  strata  of 

upper  Ordovician  age.  The  only  other  representative  of  the  family 

hitherto  recorded  from  Asia  is  Hemicosmites  ?  Loczyi  Jaekel,2  from 
some  marly  crinoid  limestones  mterstratified  with  yellow  and  varie- 

1  Palceontologia  Indica,  New  Series,  Vol.  II,  Mem.  No.  3,  p.  13,  Pt.  I,  figs.  ]-5. 
2  ().  Jaekel,  Stammesgeschichte  der  Pelraatozocu  ;  I.  Theeoide;i  unci  Cystoidea 

(Berlin,  1899),  p.  315. 
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gated  shales  near  Pu-pjao  in  south-western  Yunnan,  which  resemble 

very  closely,  judging  from  Prof.  v.  Loczy's  description,  the  Naung- 
kangyi  beds  of  the  Shan  States.1 

Dr.  Bather  remarks,  with  reference  to  the  new  species  of  this 

genus  described  by  him,  that  they  all  present  certain  primitive 
characters  reminiscent  of  the  Ordovician  Hemicosmites,  and  that 

they  differ  in  many  respects  from  any  known  species  oi  Caryo- 
crinus.  From  which  it  would  seem  that  the  genus  appeared  in 
Burma  before  its  occurrence  in  America.  Protocrinus  is  known  only 
from  the  lower  and  middle  Ordovician  of  the  Baltic  Provinces  and 

the  upper  Ordovician  (Etage  D  4)  of  Bohemia.  The  new  species 
approaches  P.  fragum  Eichw.  but  differs  in  important  respects  from 
all  known  species  of  the  genus. 

The  bryozoan  Dijrtotrypa,  two  species  of  which  occur  at  Sedaw, 
is  by  far  the  most  common  fossil  at  that 

locality.  It  may  be  picked  up  in  large  num- 
bers on  the  slopes  of  the  ravine,  and  is  often  found  in  situ,  weather- 
ing out  like  a  small  nodule  from  the  shales.  The  genus,  Mr. 

Cowper  Reed  says,  is  typically  Ordovician,  of  wide  distribution  in 

northern  Europe,  and  the  sub-genus  Mesotrypa,  to  which  he  refers 
the  Sedaw  species,  comes  from  the  Trenton  shales  (middle  Ordovi- 

cian) of  America.  The  new  species  D.  (Mesotrypa)  sedavensis,  de- 
scribed by  him,  bears  a  considerable  resemblance  to  M.  Whiteavesi 

Nich.,  from  the  Trenton  limestone,  and  M.  regularis  Foord.  The 

other,  unnamed,  species  from  this  locality  may  be  only  a  variety 
or  stage  in  the  growth  of  M.  sedavensis,  but  it  differs  in  the  more 

discoidal,  less  elevated  shape  of  the  zoarium,  in  the  rather  larger 
relative  size  of  the   zocecia,    and  the  less    numerous  mesopores. 

Fistulipora  is  a  genus  ranging  from  Devonian  to  Permian,  and 
Mr.  Cowper  Reed  remarks  that  it  is  unexpected  to  find  a  member 
of  it  so  low  down  in  the  stratigraphical  series,  but  that  a  species 
had  been  recorded  from  the  Galena  limestone  (middle  Ordovician) 
of  Manitoba.  The  absence  of  a  lunarium  renders  it  possible  that 

this    form  should  be  placed  in  the  genus  Cyclotrypa  Ulrich. 

1  Reiso  des  Grafen  Bela  Szechenyi  in  Ostasien  ;  Vol.  I,  p.  767,  Vol.  Ill,  p.  21.  My 
colleague  Mr.  Coggin  Brown  tells  ine  that  ho  passed  through  Pu-pjao  on  his  way  to 
Tali-fu  in  1907,  and  that  he  is  convinced  that  the  shah  sin  question  belong  to  tho 
Naungkangyi  series.  Ho  was  then  much  pressed  for  time  and  could  find  no  Ions. Is  , 
but  ho  has  since  made  a  rich  collection  from  these  beds,  which  is  now  being  worked 
out  (see  p.  117). 
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Passing  now  to  the  brachiopoda,  Schizotreta  occurs  typically  in 

Brachio   da  ̂ e    ̂ r(^ov'cian   °^   Russia,    and   the  species 
occurring  at  Sedaw  is  comparable  with  S. 

elliftica  Kutorga,  the  type  of  the  genus.  Rafinesquina  has  a  wide 
distribution  in  northern  Europe  and  America,  and  the  Sedaw 
form,  R.  imbrex,  is  a  typical  species  of  the  lower  Ordovician  in 

both  regions.  It  is  also  very  widely  distributed  in  the  Naung- 
kangyi  beds  of  the  Shan  States,  occurring  both  in  the  lower 
and  upper  portion  of  the  series,  and  at  most  of  the  localities 

from  which  fossils  have  been  collected.  Clitambonites  (Orthisina) 
pyron,  to  which  Mr.  Cowper  Reed  compares  the  specimen  of  this 
genus  found  at  Sedaw,  occurs  in  the  Echinosph*rite  limestone 

(lower  Llandeilo)  of  Russia.  Porambonites  ranges  from  Ordovician 
to  lower  Devonian,  but  it  is  most  fully  represented  in  the  lower 
Ordovician  of  Russia  and  Scandinavia.  P.  intercedens  Pander  is 

the  type  of  the  genus. 
It  is  impossible  to  give  any  exact  estimate  of  the  thickness  of 

these  strata  exposed  at  Sedaw,  and  indeed  it 

minSneSS  DOfc  det€r"     ma7   be  Stated   onCe   for  a11   that  this   is  true for  the  whole  area  under  description.    In  very 
few  outcrops  is  the  junction  of  any  individual  bed  with  those 
either  over  or  underlying  it  visible,  and  in  no  single  instance  that 
I  am  aware  of  is  the  base  and  summit  of  a  bed  to  be  seen  in  one 
and  the  same  section.  No  measurements  of  the  thicknesses  of 

strata  can  therefore  be  given,  as  they  would  only  be  misleading, 
and  indeed  the  thickness  of  even  the  larger  groups  varies  so 
greatly  from  one  locality  to  another  that  measurements  made  at 

any  one  spot  would  only  have  a  strictly  local  value. 

The  peculiar  beds  exposed  at  Sedaw  are,  as  I  have  already  men- 
tioned, not  found  either  to  the  north  or  south 

ric£St  °f    Ngwetaung    of  that  place.    To  the  north  the  beds  imme- 
diately overlying  the  sandstones  of  Ngwetaung 

along  the  eastern  side  of  the   ridge,  were  found  to  contain,  in  a 

soft  yellow  marl,  fragments  of  cystideans,  namely  Cheirocrinus  sp., 
a  genus  that  has  a  very  wide  distribution  both  horizontally  and 
vertically,  ranging  from  the  Baltic  Provinces  to  Bohemia  and  North 
America,  and  through  the  whole  Ordovician  period ;  and  a  species  of 

Caryocrimis.      Specimens    of    these  are  very 

^onf"^^6611     lin":"    numerous  in  an  outcrop  in  the  bed  of  a  stream 
at  the  foot  of  the   ridge   on   the    path  from 

Taungkyun  to  Sibaing  (Loc  86,  B  5).     Thick  bands  of  limestone 
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are  interstratified  with  these  beds  in  the  neighbourhood,  and 
extend  along  the  base  of  the  ridge  to  the  north  and  south, 
but    they    have    not    yielded    any    recognisable    fossils.  Traces 

of  argentiferous  galena  have  been  found  near 

minePUted     silver-lead    Taunggaung     in    the    northern    extension  of these  limestones,  and  a  small  shaft  had  been 

sunk  at  the  spot,  but  it  does  not  appear  to  have  reached  any  consi- 
derable depth,  and  was  probably  put  down  by  Chinese  prospectors. 

The  limestones  and  marls  extend  eastwards  from  the  base  of  the 

Ngwetaung  ridge  for  several  miles  to  Sakangyi, 
Fossils,  Taungkyun.        ,  °  e,    ,  s  ,  ,   ,         ,      A     .  bJ  ' but  the  whole  oi  the  ground  hereabouts  is  so 

covered  with  jungle  that  exposures  are  rare,  and  of  very  small 
extent.     A   short   distance   south   of   Taungkyun   (Loc.  87,    B  5) 
some  pinkish  brown  sandstones  occur,  crowded  with  specimens  of 

Orthis  (Dalmandla)  elegantvia  Dalman,  a  well-known  fossil  of  Cara- 
doc  age  ;  the  peculiar  weathering  of  the  rock  in  which  these  fossils 
occur  has  already  been  referred  to  (p.  67). 

Along  the  eastern  side  of  the  valley  of  the  Kyetmaok  stream 
above  Taunggaung  the   limestones  can  be  traced,  forming  a  line  of 

conspicuous  cliffs,  and  overlying  the  Chaung-Magyi  rocks  which  are 

f        ̂   brought  up  by  a  fault  running  from  north  to 

teau^Sectionjsfl,  II,  ill,  south  along  the  floor  of  the  valley.  The  lime- 
Plate  23).  stones  disappear  on  the  high  ridge  overlooking 
Aunglok,  (B  4),  between  that  place  and  Memauk,  being  probably  over- 

lapped by  beds  of  Silurian  age,  but  they  appear  again  along  the  lower 

slopes  of  the  lofty  scarp  forming  the  western  edge  of  the  plateau,  east  of 

.  the  Chaung-Magyi  or  Nam  Pek  river.  Fossils  were 
collected  from  some  sandy  beds  weathered  out 

from  them  between  600  and  1,300  feet  above  the  valley,  on  the  path 

leading  up  the  scarp  from  Kyaukmo  to  Kyaukgyi,  including  Rafines- 
quina,  Orthis  elegantula,  and  Cystidean  plates  (Loc.  80,  B  3).  Kyaukmo 

is  the  site  of  a  magnificent  waterfall,  which  descends  the  whole  height 
of  the  scarp  here,  about  2,000  feet  above  the  valley,  and  is  clearly 

visible  from  the  Irrawaddy  in  clear  weather  (Fig.  4,  p.  124).  Its  posi- 

tion is  shown  on  the  geological  map  attached  to  Dr.  Oldham's  account 
of  the  geology  of  the  country  north  of  Mandalay,  published  as  an 

appendix  to  Yule's  narrative  of  the  Mission  to  the  Court  of  Ava  in 
1855  (p.  350).  Beyond  this  the  limestones  have  been  traced  to  the 
north  as  far  as  Nankatlia  (B  3),  but  further  on  the  jungle  is  so 

dense  and  trackless   that   they  could   not  be  followed  up  without 
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elephants  ;  but  they  apparently  form  the  western  scarp  of  the  con- 
spicuous peak  Hpataunggyi  (3,664  feet),  which  lies  on  the  strike  of 

the  beds  (see  Fig.  3,  p.  62). 

Crossing  the  plateau  from  the  valley  of  the  Chaung-Magyi  to 
Kalagwe,  a  large  village  on  the  main  route 

Northern  edge  of  from  Maymyo  to  the  Euby  Mines,  and  pro- scrap.  . 
ceeding  northwards,  the   lower  Naungkangyis 

appear  again  at  the  base  of  the  hills  two  miles  north  of  Tawmawgon 
(Loc.    90,  C    2),    where  a  small  outcrop,  full  of  fossils,  occurs  on 

„    .,    ,„  the  path.     The  rock  is  a  yellow,  soft,  argilla- Fossila,  lawrnawgon.  r     „  n  i  j     .i  n 
ceous,  nne-gramed  marl,  and  the  collection 

made  here  includes  Heliocrinus  sp.  ;  (?)  Diplotrypa  sedavensis  Reed; 

Rafinesquina  imbrex  Pander ;  R.  subdeltoidea  Reed ;  Orthis  testudin- 
aria  Dalman ;  and  Orthis  subcrateroides  Reed.  Of  these  Rafines- 

quina imbrex  and  Diplotrypa  sedavensis  are  Sedaw  forms  ;  R.  sub- 
deltoidea, though  allied  to  R.  deltoidea  Conrad,  differs  in  possessing 

an  internal  median  ridge  in  the  brachial  valve  and  in  ornamentation. 

It  resembles  in  some  respects  Strophomena  aranea  Salter,  from  Niti.1 
R.  deltoidea  is  a  well-known  European  and  American  form  of  middle 
and  upper  Ordovician  age.  Only  detached  plates  of  the  cystidean 
were  found,  with  rhomb  ridges  and  other  features  which  led  Mr. 
Cowper  Reed  to  refer  them  to  the  genus  Heliocrinus,  but  the  species  is 
indeterminable.  Orthis  testudinaria  is  a  well-known  and  characteristic 

Ordovician  form,  ranging  from  lower  Llandeilo  to  Caradoc,  and  0. 
subcrateroides  resembles,  according  to  Mr.  Cowper  Reed,  Leplcena 

cratera  and  L.  nux  from  the  Ordovician  of  Niti,  described  by  Salter.2 

Along  the  edge  of  the  plateau,  between  Tawmawgon  and  Chaung- 
zon, at  the  head  of  the  Gokteik  gorge,  the 

Fossils,  Chaungzon.        ,  ,T         ,  .  n    n  „  ■, 
lower  JNaungkangyi  beds  are  not  well  exposed, 

being  either  overlapped  by  higher  beds,  or  cut  out  by  faults.  At 
Chaungzon  (Loc.  96,  D  3),  however,  near  the  foot  of  the  cliffs  down 

which  the  cart  road  from  Nawnghkio  is  carried  by  a  series  of  zig- 
zags, to  the  crossing  of  the  Nam-pankse,  an  outcrop  very  rich  in 

fossils  is  exposed  in  a  cutting  at  a  sharp  turn  in  the  road  just  below 

mile  84.3    The   rocks  here  consist  of   thin-bedded   hard  blue  lime- 

1  J.  W.  Salter  and  H.  F.  Blanford  :  Palaeontology  of  Niti  (Calcutta,  1865),  p.  36, 
PI.  Ill,  fig.  10. 

2  Ibid,  pp.  30,  31,  PI.  IV,  figs.  1,  2. 
3  This  is  where  the  old  mile-post  85  was  placed,  as  shown  on  the  one  inch  map.  The 

road  between  Maymyo  and  Lashio  has  been  re-measured  since  the  map  was  published 
and  the  present  mile-posts  do  not  correspond  with  their  former  positions.  Those  shown 
on  the  map  will  usually  be  adhered  to  in  describing  localities. 
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stones  interbedded  with  greenish  micaceous  sandstone,  the  fossils 

occurring  in  the  latter.  The  fauna  is  particularly  rich  in  specimens 
of  Orthis  and  the  whole  facies  of  the  deposit  is  very  similar  to 

that  in  which  the  Caradoc  fossils  of  Shropshire  occur.  The  collec- 
tion from  Chaungzon  includes  Heliocrinus  sp.,  the  same  detached 

plates  that  are  found  at  Tawmawgon,  etc.  ;  Echinoencrinus  aff. 
Senckenbergi  v.  Meyer  ;  Orthis  calligramma  Dalman ;  0.  (Dalmanella) 
testudinaria  Dalman ;  0.  (?  Dalmanella)  chaungzonensis  Eeed ;  0. 

(Dinorthis)  flabellulum  Sowerby ;  0.  irravadica  Heed ;  and  0.  sub- 
crater  oides  Reed. 

Detached  plates  only  of  the  Cystidean  Echinoencrinus  aff.  Senck- 
enbergi occur,  resembling  in  sculpture  and  ornamentation  those  of 

the  type  species  of  the  genus  from  the  lower  Ordovician  of  northern 

Europe.  Orthis  calligramma  and  0.  flabellulum  are  both  well-known 
and  characteristic  fossils  from  the  Bala  or  Caradoc  beds  of  Britain. 

0.  thakil  Salter,  from  the  Ordovician  of  Niti, 1  is  probably  allied 
to  0.  flabellulum.  Of  the  two  new  species, — 0.  chaungzonensis  is  allied 
to  0.  argentea  Hisinger,  and  bears  a  considerable  resemblance  to  the 

variety  of  0.  thakil  from  Niti  named  subdivisa  by  Salter ; 2  while 
0.  irravadica  seems  to  be  closely  allied  to  0.  moneta  Eichw.,  from 
the  Russian  Ordovician. 

To  the  east  of  the  Gokteik  gorge  the  lower  Naungkangyi  beds 
,  .  are  again  concealed  for  a  long  distance,  being 

overlapped  by  higher  beds  in  the  valley  of  the 

Nam  Tang,  which  joins  the  Nam-panhse  at  Chaungzon,  across  the 
divide  which  separates  this  river  from  the  Nam-hsim,  and  in  the 
valley  of  the  latter  river.  They  reappear  however,  on  the  sides 

and  floor  of  the  deep  ravine  of  the  Nam-non,  a  tributary  of  the 
Nam-hsim,  east  of  the  village  of  Kunkaw  (E  2).  A  few  fossils 
were  collected  from  them  at  a  point  on  the  path  leading  up  from 

the  Nam-hsim  to  Kunkaw,  about  a  mile  south  of  the  village,  in- 
cluding Escharopora  sp.,  a  bryozoan  ranging  from  the  Birdseye  lime- 

stone to  the  middle  of  the  Cincinnati  group  of  America  (middle  to  upper 
Ordovician)  ;  Orthis  irravadica  Reed  ;  and  Calymene  birmanica  Reed, 
a  trilobite  resembling  very  closely  C.  parvifrons  var.  Murchisoni 

Salter,  from  the  lower  Ordovician  of  England, 3  and  in  some  respects 
also  C.  nivalis  Salter,  from  the  Ordovician  of  Niti.4 

1  Palasont.  Niti,  p.  39,  PI.  IV,  figs.  8,  9. 
2  Ibid,  p.  41,  PI.  IV,  figs.  11,  12. 
8  Mob.  British  Trilobites,  p.  102,  PI.  IX,  fig.  :>G. 
4  Palseont,  Niti,  p.  10,  PI.  I,  fig.  24. 

I 
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Several  specimens  of  Orthis  subcrateroid.es  Reed  and  0.  irravadica 

Reed  were  also  obtained  from  a  small  outcrop  of  these  beds  near 

the  village  of  Umong  (Loc.  98,  E  2),  about  a  mile  south  of  Kunkaw. 
On  the  eastern  side  of  the  ravine  fossils  were  collected  from  a 

band  of  buff-coloured  marlv  sandstones  on  the 
Fossils,  Nam-yun.  .  .  ,  ,T 

ascent   from    the   stream   to   .Nam-yun  (Loc. 

99,  E    2).     These  included  Rafinesquina  imbrex  Pander ;  R.  subdel- 
toidco,  Reed  ;  Plcctambonites  sericea  Sowerby,  a  characteristic  Ordo- 
vician  species  with  a  very  wide  horizontal  range,  commonly  known 
as  Leptcena  sericea  ;    Orthis  irravadica  Reed  ;  0.  subcrateroides  Reed  ; 

and   Clitamlioiiitcs  cf.  squamata   Pahlen,  the  type  of  which  occurs 
in  the  Echinosphaerite  limestone  of  the  Baltic  Provinces. 

Beyond  this  there  occurs  another  gap,  in  which  the  lower  Naung- 
kangyi  beds  have  not  been  found,  though 

tion^Pktem^'    they   Probably   come    to   the   surface   in  the deep,  trackless  valley  of  the  Nam-Sam,  since 
they  are  found  on  the  Panghsa-pye  saddle  (F2),  where  there  is  a 
fairly  good  exposure  at  the  village.  Here  they  contain  Ort/iis 
subcrateroides  Reed,  0.  testudinaria  Dalman,  and  large  numbers  of 
the  plates  of  Caryocrinus  sp.  Between  this  and  the  valley  of  the 

Nam-Tu  near  Lilu  they  are  concealed  or  cut  out  by  the  great  over- 
thrust  fault  mentioned  on  page  55,  but  they  reappear  in  the  deep 

ravines  entering  the  main  river  from  the  north-west.  A  good  outcrop 
was  found  in  the  valley  of  the  large  stream  joining  the  Nam-Tu  at  Lilu 
(Loc.  103,  F  1),  about  a  mile  above  the  village,  and  yielded  a  large 
number  of  fossils.  The  rock  here  is  identical  in  appearance  with 

that  at  Chaungzon,  and  the  fauna  is  very  similar,  Orthis,  especially 
0.  subcrateroides  Reed,  being  the  most  common  form.  The  other 

fossils  collected  here  included  plates  of  Heliocrinus  sp.  and  Caryo- 

crinus sp.  ;  Rhinidictya  cf.  plumula  Salter  ;  Rafinesquina  imbrex  Pan- 
der and  R.  subdeltoidea  Reed ;  Orthis  testudinaria  Dalman ;  0.  ir- 

ravadica Reed  ;  Plectambonites  sericea  Sowerby ;  and  fragments  of 
trilobites,  consisting  of  indeterminable,  single  thoracic  segments,  some 

of  large  size.  On  the  spurs  between  the  ravines  the  lower  Naung- 
kangyis  are  concealed  by  higher  beds.  The  most  northerly  point 

at  which  they  have  been  found  is  in  the  valley  of  the  Nam-pang- 
yun,  between  the  Bawdwin  silver  mines  and  the  Nam-Tu,  beyond 
the  limits  of  the  map  ;  but  no  collections  of  fossils  have  been  made 
from  this  locality.  Fragments  of  trilobites  are  very  numerous  at 
particular  horizons  but  are  quite  indeterminable. 



ORDOVICIAN  SYSTEM:  LOWER  NAUNGKANGYI  STAGE.  77 

Returning  to  the  vicinity  of  the  railway  between  Sedaw  and 

Maymyo,    the    lower    Naungkangyis    are  ex- Inliers  near  Maymyo.  .         .  ..        .  ,  ,  . 
posed  as  inkers  in  one  or  two  places,  being 

probably    brought   up   by   anticlinal  folds,    though    the  structure 
cannot    be    made    out    with    certainty,   owing   to   the  thickness 

of    the  jungle.     Fossils  were  collected  at  the 
Fossils,  Lebyaungbyan.      .  n  ,  T  ,  ,    ,        /T  QO 

following     places  : — lebyaungbyan     (Loc.  00, 
B  4),    five    miles    west   of   Maymyo,    at   the    crest    of    a  ridge 

immediately  west  of  the  village,  including  Rhinidictya  sp.  ;  Phyll- 
oporina  orientalis  Reed ;   Rafinesquina    imbrex   Pander ;   Leptcena  (?) 
ledetensis  Reed ;  Chonetes  (?)   thebavensis    Reed ;    Orthis  testudinaria 
Dalman ;    Porambonites    intercedens    Pander ;    and    Cyclocrinus    cf . 

Spasski  Eichw.     Of  these  Phylloporina  is  a  bryozoan  ranging  from 
Ordovician  to  Silurian,  and  the  species  desciibed  by  Mr.  Cowper 
Reed     resembles    in    some    respects  the  Ordovician  Protocrisina 

exigua  Ulrich,  but  differs  in  its  mode  of  growth  and  other  characters. 

Leplcena  (?)  ledetensis  is  a  new  species  described  by  Mr.  Cowper  Reed 

from  the  upper  Naungkangyi  beds  of  Ledet,  three  miles  north-east 
of  Lebyaungbyan,  and  its  presence  here  seems  to  indicate  that  the 
horizon  of  the  Lebyaungbyan  beds  is  rather  higher  in  the  series 
than  that  of  the  beds  hitherto  described  (Porambonites  intercedens, 

Rafinesquina  imbrex,  and  Orthis  testudinaria  being  the  only  species 
found  here  which  also  occur  in  lower  beds).     In  the   shape  and 
convexity  of  the  valves  and  internal  characters  it  resembles  the 
well-known  Wenlock  and  Ludlow  fossil  L.   rhomboidalis  Wahlenb. 

The  presence  of  Chonetes  so  low  down  as  the  Ordovician  has  not 
hitherto  been  recorded,  and  the  reference  of  the  single  specimen 

from  Lebyaungby  n  to  it  is  doubtful.  Cyclocrinus  Spasski,  a  pecu- 
liar organism  of  somewhat  doubtful  affinities,  occurs  in  the  Ordovi- 
cian beds  of  Russia.  The  rock  here  is  a  greenish  sandstone,  pass- 

ing into  a  greenish,  granular  limestone. 

At  Makyinu  (Machinu)  (Loc.  84,  B4),  about  three  miles  south  of 
Lebyaungbyan,  at  the  head  of  a  steep  descent 

Fossils,  Makyinu.  "„  .    0  "  .       ,       -  r to  hakangyi,  the  lol  lowing  fossils  were  col- 

lected from  a  tough,  greenish,  micaceous  sandy  shale: — Protocrinus 
sparsiporus  Rather,  a  Sedaw  form ;  Cheirocrinus  sp.  ;  Caryocrinus 
sp.  ;  Rhinidictya  cf.  plumula  Salter ;  (?)  Diplotrypa  sp.  ;  Plectambonites 
quinquecoslata  McCoy ;  Orthis  (Dalmanella  ?)  chaungzonensis  Reed  ; 
and  0.  irravadica  Reed.  Rhinidictya  of.  plumula  is,  according  to 

Mi.  Reed,  comparable  with  Salter's  Ptilodictya  plumula,  from  the 



78       LA  TOUCHE :  GEOLOGY  OF  NORTHERN  SHAN  STATES. 

Ordovician  of  Niti,1  and  is  apparently  allied  to  Ptilodictya  dichotoma 
Portl. 

The  Diplotrypa,  as  preserved  here,  at  Tawmawgon,  and  other 

places,  shows  merely  the  cast  of  the  basal  epitheca,  the  upper  part 
of  the  fossil  being  entirely  weathered  away,  and  represented  by  a 
cavity  in  the  rock.  It  is  one  of  the  commonest  fossils  in  these 

beds,  and  occurs  in  nearly  every  outcrop.  Plectambonites  quinque- 
costata  is  a  form  recorded  from  the  Ordovician  of  Britain,  Russia, 
and  Australia,  and  is  allied  to  Leptcena  himalensis  Salter,  from  the 
Ordovician  of  Niti.2     It  also  occurs  at  Ledet. 

On  the  road  from  Maymyo  railway  station  to  the  waterworks 
,       ,  reservoir,  among  the  hills  immediately  north 

Hills  north  of  Maymyo.        ,    ,,  °  .  J  , oi  the  town,  there  are  several  exposures  of 
these  beds,  but  they  are  not  very  fossiliferous.  and  the  specimens 

are  greatly  crushed,  owing  to  the  proximity  of  a  fault  along  the 
southern  edge  of  the  hills.  The  only  species  from  this  locality 

(Loc.  92,  C  4),  that  Mr.  Cowper  Reed  was  able  to  identify,  is 
Ofthis  flabelluhim  Sowerby.  Another  outcrop  occurs  in  the  same  hills 
on  the  path  from  Naungkangyi  to  Taungmio  (Loc.  91,  C  4)  to  the  east 

of  the  reservoir  in  the  Naungkangyi  valley,  where  Diplotrypa  (?)  sp., 
Rafinesquina  imbrex  Pander,  and  Orthis  calligramma  Dalman  were  ob- 

tained. At  both  these  localities  the  rocks  are  sofa,  yellow  or  buff- 

coloured,  fine-grained  marls,  greatly  crushed  and  cleaved.  The  lower 
Naungkangyi  beds  were  not  found  at  any  locality  to  the  south  of 
the  railway. 

The  unweathered  limestones  associated  with  the  lower  Naung- 
kangyi beds  have  not,  as   a  rule,  yielded  any 

Associated  limestones.  ,  ,      •      .,      ,  _  . 
recognisable  lossils,  but  are  eromposed  of  an 

aggregate  of  somewhat  coarsely  crystalline  grains  of  calcite  and 
detached  stem  joints  and  ossicles  of  crinoids,  or  more  probably  of 

cystideans,  which  are  visible  in  great  numbers  in  thin  sections  of 

the  rock,  and  sometimes  on  the  natural  surface  (Plate  11,  fig.  1).  Their 

coarsely  crystalline  character,  the  absence  of  dolomite,  and  the  pre- 
sence of  these  ossicles  serve  to  distinguish  them  from  the  younger 

limestones  of  the  plateau,  which  rule  much    more  fine- 
grained, are  commonly  dolomitic,  and  very  rarely  contain  any  traces 

of  organic  remains  whatever. 

1  Palseonfc.  Niti,  p.  46,  PI.  I V.  figs.  Hi,  17. 
2  Ibid,  p.  28,  PI.  Ill,  fig.  4a— q. 
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To  the  east  of  the  NanrTu  the  Ordovician  rocks  are  entirely 

concealed  by  the  broad  band  of  upper  Pal- 
Eastern  Ranges.  geozoic  and  Mesozoic  strata  that  forms  a  con- 

tinuation of  the  plateau  proper  extending  to  the  north-east  through 
Lashio  towards  the  Salween.  They  reappear  among  the  hill  ranges 

east  of  the  plateau,  where,  as  has  been  remarked  before,  the  rocks 
are  thrown  into  more  or  less  regular  folds,  in  which  the  Plateau 
limestones  are  included,  and  the  outcrops  of  the  strata  exposed  by 
denudation,  instead  of  occurring  as  isolated  patches  fortuitously 
uncovered  wherever  the  burden  of  overlying  rock  happens  to  have 
been  removed,  form  regular  bands,  which  can  be  traced  in  many 

cases  by  a  mere  inspection  of  the  contours  of  the  ridges  and  valleys 
for  considerable  distances.  It  is  not  possible,  for  reasons  that  have 

already  been  given,  to  follow  these  bands  up  continuously  on  the 

ground,  but  the  observer  can  generally  predict  within  fairly  narrow 
limits,  by  noting  the  configuration  of  the  ridges  and  spurs,  where 
each  particular  formation  is  to  be  met  with,  and  by  working  across 
the  strike,  which  is  usually  possible  because  nearly  every  spur 

has  a  path  running  along  it,  can  fix  their  position  with  consider- 
able accuracy. 

The  lower  Naungkangyi  rocks  as  seen  in  these  ranges  present 
some  notable  points  of  difference  as  compared 

tera^ndlScLies^0'  with  their  development  on  the  western  side of  the  plateau.  The  limestones  so  frequently 

met  with  there  are  entirely  absent,  and  the  formation  consists  of  a 

homogeneous  yellow  or  buff •  coloured  sandy  marl  of  soft  texture,  in 
which  the  fossils  occur  as  casts,  and  in  so  friable  a  condition  that  it 

is  only  seldom  that  they  can  be  collected.  The  most  remarkable 
feature  of  this  band  of  rock  is  its  persistence  in  general  thickness 
and  character  ;  it  is  of  no  great  thickness,  probably  not  more  than 
two  or  three  hundred  feet,  but  it  occurs  in  every  section  wherever 

the  base  of  the  fossiliferous  series  is  exposed,  throughout  these  hills. 
The  most  northerly  locality  at  which  these  beds  have   been  found 

.   is  on  the  southern  side  of  the  range  of  hills 
Outcrops     north    oi         ,,      »  ,,  .. 

Mongyaw  valley.  north  oi  the  JNam-yau    valley  near  Mongyaw, 
a  large  village  on  the  road  from  Lashio  to  the 

Kunlon  ferry.  This  range  lies  beyond  the  limits  of  the  map  published 
with  this  Memoir,  since  this  portion  of  the  country  is  not  included 

in  the  new  edition  of  the  quarter  inch  map  issued  by  the  Survey  of 
India.    The  Naungkangyi  beds  lie  along  the  axis  of  an  anticlinal  fold, 
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the  crest  of  which  has  been  denuded  away,  and  occupy  an  elongated 
oval  tract  (in  the  southern  slopes  of  the  range.  Fossils  were  collected 
by  Mr.  Datta  at  two  localities  in  this  area  :  the  first  about  one  and 

a  half  miles  south-east  of  Loi-nawk  (23°  5' :  98°  4') ,  near  the  western 
end  of  the  area,  and  the  other  one  and  a  half  miles  north  by  west 

Fosgiis  of  Hoi-hok  (23°  4' :   98°  8'),  near  the  eastern extremity.  The  fossils  are  very  poorly  preserved, 

but  include  large  numbers  of  Bryozoa,  probably  a  Rhinidkttja,  of 
which  perhaps  more  than  one  species  is  represented.  Other  fossils, 
found  at  both  localities,  include  plates  of  Caryocrinus  and  Heliocrinus 

sp.,  Diplotrypa  sp.,  Rafinesquina  imbrex  Pander,  Orthis  subcrateroides 
Reed,  0.  testudinaria  Dalman,  (?)  0.  irravadica  Reed,  and  in  addition, 

at  the  locality  north  of  Hoi-hok,  numerous  specimens  of  Clitam- 
bonites  cf.  squamata  Pahlen,  and  a  doubtful  cast  of  Poramboniies 

intercedens  Pander.  Several  casts  of  the  calyx  of  a  simple  turbinate 
coral,  resembling  Petraia  (Lindstrcemia)  also  occur  here. 

Proceeding   southwards,   the   lower   Naungkangyis   appear  from 
beneath  the  Plateau  limestones  at  the  foot  of 

tionflfn,  Plate  24)Se°"  the  Loi"len  range  on  tne  Path  running  north from  Man-Se,  in  the  Namma  coal-field,  to  Tileng 

(Loc.  104,  H  1).  Where  first  seen  they  are  very  poorly  exposed,  the  out- 
crop being  very  narrow  and  nearly  vertical,  but  a  few  specimens  of  an 

Orthis,  one  of  which  appears  to  be  0.  subcrateroides  Reed,  were  collected 

here  by  Mr.  Datta.  From  this  point  the  band  runs  diagonally  up 
the  side  of  the  scarp  to  the  eastward,  and  approaches  the  crest  about 

three-quarters  of  a  mile  south  of  Pang-me  (H  1),  where  it  is  exposed 

on  the  spur  running  down  to  the  Nam-Pawng  valley,  on  a  little 
saddle  connecting  the  crest  with  a  conspicuous  knoll,  the  latter 

consisting  of  the  Chaung-Magyi  sandstones.  It  then  runs  along  the 
hill  side  parallel  to  the  crest,  its  course  being  marked  by  a  ravine, 
and  is  found  again  on  the  next  spur  to  the  east  in  a  similar  position,  on 
the  saddle  just  north  of  the  knoll  marked  4,744  feet  on  the  one  inch  map. 

Hence  it  continues  to  the  east-north-east,  parallel  to  the  crest  of  the 
range,  which  it  crosses  at  the  peak  marked  5,239  feet,  on  the  path  from 

Loi-len  to  Na-Nang,  and  beyond  this  along  the  north  side  of  the 
crest  to  Panghti  (I  1),  where  it  crosses  again  to  the  south  side. 
Throughout  the  whole  of  its  course  the  band  is  vertical  or  nearly 

so,  and  in  places  even  inverted,  dipping  at  a  very  high  angle  to  the 

south  and  apparently  underlying  the  Chaung-Magyi  rocks  forming 
the  southern  slopes  of  the  range.     The  fossils  that  occur  in  it  are 
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so  greatly  crushed  and  distorted  as  to  be  in  some  cases  unrecognis- 
able. Beyond  Panghti  this  simple  fold  appears  to  be  replaced  by 

two  or  more  minor  folds,  due  to  a  twist  in  the  direction  of  the 

main  anticlinal,  but  the  ground  along  the  crest  of  the  range  is  so 
entirely  covered  with  dense  grass  jungle  that  the  structure  could 
not  be  made  out  exactly.  The  Plateau  Limestone  here  comes 

up  from  the  south  almost  to  the  crest  and  arches  over  the  lower 
Palaeozoic  rocks,  which  disappear  entirely  beneath  it  a  few  miles 
further  on,  near  the  village  of  Tenghkio  (J  1). 

The  lower  Naungkangyi  beds  do  not  appear  on  the  southern  side 

,    ,  _  .  _ .  of  the  Nam-Pawns;  valley,  or  on  the  northern South  of  Loi-Ling.  i  <•     t    •  t  •  ±\ 
and  eastern  slopes  of    Loi-Ling,   where  they 

are  overlapped  by  higher  strata.     They  are  next  found  along  the 

south-western  base  of  Loi-Ling  and  are  exposed  at  the  point  where 
the  cart  road  from  Mong-Yai  to  Tang-yan  enters  the  hills,  about 
a  mile  east  of  the  village  of  Nam-un  (I  2).     Here  also  they  are 
vertical,  greatly  crushed,  and  the  fossils  are  almost  unrecognisable. 

A  few  miles  further  to  the  north-west  they  disappear  beneath  the 

Tertiary  silts  of  the    Nam-Sang  coal-field,  but  to  the  south-east 
they  can  be  traced  for  a  long  distance,  forming  a  narrow  fringe 

along  the  edge  of  the  Chaung-Magyi  rocks  which  form  the  core  of 
the  range  between  Mong-Yai  and  the  valley  of  the  Nam-Ha. 

A  great  fault  runs  along  the  valley  of  this  river,  bringing  down 
the    Plateau  Limestone  and  the  rocks  beneath 

Valley  of  the  Nam-Hd    jt   against   the   Chaune-Maffyi   series,  forming 
(Section  HI,  Plate  24).  &  ,&.     bJ  '  6 

a  great  mass  of  interlacing  ridges  and  valleys 

to  the  east,  and  on  the  west  side  of  this  fault  there  are  at  least 
two  minor  faults  which,  combined  with  the  folding  that  has  affected 
all  the  rocks,  have  rendered  the  structure  exceedingly  complex. 

The  band  of  lower  Naungkangyis  can  be  traced,  however,  wherever 

the  Chaung-Magyi  rocks  come  to  the  surface,  and  can  be  easily 
recognised  by  the  fossils,  usually  by  the  presence  of  Rafinesquina 
imbrex,  Orthis  subcrateroides,  and  Diplotrypa  sp.,  which  are  the  most 
common  forms.  In  one  or  two  localities  a  hard  siliceous  rock  occurs 

crowded  with  casts  of  a  species  of  Ctenodonta  or  Nucula,  in  which 
the  teeth  are  well  preserved.  One  of  these  localities  is  on  the 

spur  running  west  from  the  village  of  Mong-Ha  to  the  peak  marked 
6,055  feet,  about  three-quarters  of  a  mile  below  the  crest  of  the 

ridge  (Loc.  110,  I  3).  Another  is  near  the  southern  extremity 

of  the  hills,  at  the   head   of  a  deep  lavine  cut  through  Chaung- 
Q 
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Magyi  rocks,  east  of  the  village  of  Man  Hpai,  on  the  path  to 
Mong  Heng  (Loc.  113,  I  4).  Here  the  Nuculas  are  associated 
with  large  numbers  of  a  small  Modiolopsis,  the  casts  of  which  cover 
whole  slabs  of  rock  at  a  particular  horizon.  Fragments  of  large 
trilobites  also  occur  at  this  place. 

On  the  eastern  side  of  the  great  mass  of  Chaung-Magyi  rocks 
east  of  the  Nam-Ha  valley,  the  lower  Naung- 

Nam-Pang  valley.  kangyi  beds  are  found  again,  forming  as  usual 
a  narrow  but  persistent  fringe  along  the  edge  of  the  older  series. 
Near  the  southern  end  of  this  band,  in  a  ravine  just  north  of  the 

village  of  Nam-tawng,  near  Pa-tep  (Loc.  112,  J  4),  an  exposure  of 
the  peculiar  siliceous  rock  mentioned  above  occurs,  crowded  with 

casts  of  Ctenodonta,  and  with  them  imperfect  casts  of  an  indeter- 
minable gastropod,  the  only  specimens  of  this  class  that  have  been 

found  in  these  beds.  A  short  distance  to  the  south  of  this  locality 

the  whole  of  the  lower  Palaeozoic  rocks  disappear  beneath  the  lime- 
stones of  the  plateau,  and  are  not  seen  again  to  the  south  within  the 

limits  of  the  Northern  Shan  States. 

Proceeding  now  in  a  south-westerly  direction  across  the  broad 
_      .,,    ,  _  .  _         plateau  that  extends  towards  Kehsi  Mansam 
East  .side  of  Loi  Pan.  * 

in  tne  Southern  khan  States,  we  again  meet 

with  the  lower  Naungkangyi  beds  along  the  eastern  flanks  of  the 

Loi  Pan — Loi  Twang  range,  an  isolated  mass  of  hills  rising  like  an 
island  from  the  surrounding  plateau.  They  have  not  been  detected 
along  the  western  or  northern  sides  of  these  hills,  and  are  apparently 

absent  along  the  eastern  side  also  as  far  as  the  village  of  Man-pun, 
being  probably  cut  out  by  a  fault  or  concealed  by  the  Plateau  Lime- 

stone, which  throughout  this  distance  abuts  directly  against  the  base 
of  the  hills.  The  Naungkangyi  rocks  appear  first  in  the  bed  of  the 

Nam-la,  about  a  mile  south-west  of  Man-pun  (H  4),  and  run  across 
the  slopes  of  the  hills  to  the  east  of  this  river,  in  a  southerly  direction 

to  the  valley  of  the  Nam-hen,  about  three  and  a  half  miles  above 
the  village  of  Ping-hsai.  A  collection  of  fossils  was  made  from  this 

band  on  the  slope  of  the  hills  south-east  of  Man-shio  (Loc.  105 
H  4),  about  half-way  between  the  village  and  the  peak  marked 
4,596  feet,  including  Diplotrypa  sp.  ;  Rafinesquina  subdeltoidea  Reed  ; 
OrtJiis  subcrateroides  Reed  ;  0.  irravadica  Reed  ;  and  Plectanibonites 

sericea  Sowerby ;  also  an  undetermined  species  of  Hyoliihes  and  a 
single  specimen  of  a  coiled  cephalopod,  probably  a  Lituites.  Further 
collections  at    this    locality   include    the  trilobites  Remoplcurides, 
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Illcenus,  Cheirurus,  Harpes,  and  Asaphus,  but  the  species  belonging 
to  these  genera  have  not  yet  been  determined. 

An  outlier  of  the  Ordovician  rocks  occurs  to  the  west  of  this 

band  in  the  valley  of  the  Nam -hen,  occupying  a  synclinal  fold  in 
the  Chaung-Magyis,  and  surrounded  by  a  narrow  band  of  the  lower 
Naungkangyi  beds. 

A  fault  runs  along  the  valley  of  the  Nam-hen,  truncating  the 
little  synclinal    just    mentioned,    and  shifting East  side  of  Loi  Twang;.       ,  ,       ,       r    .  ,T  , 
the  Man-pun  band  or  lower  Naungkangyis 

to  the  eastwards.  It  is  found  again  on  the  south  bank  of 
the  river  at  a  point  where  the  latter  makes  a  sharp  bend  to 

the  south  about  two  miles  above  the  village  of  Ping-hsai  (H 
4),  whence  it  extends  to  the  south-south-east,  across  the  flanks 

of  Loi  Kok,  to  the  village  of  Hwe-wa,  (Loc.  107,  K  5),  three  miles 
west-north-west  of  the  town  of  Kehsi  Mansam,  where  another  fault 
occurs,  shifting  it  westwards  again  for  about  the  same  distance  as  the 

Nam-hen  fault  does.  It  then  continues  in  the  sime  direction,  along 
the  base  of  the  Loi  Twang  range,  its  course  being  marked  by  a  series 

of  narrow  valleys  and  depressions,  through  the  village  of  Hwe-Mawng 
(H  5)  to  the  eastern  side  of  the  Loi  Pamong  ridge.  Its  southerly 

extension  has  not  yet  been  traced  beyond 
this.  Fossils  of  the  same  species  as  those 

enumerated  above  from  near  Man-shio  may  be  found  wherever  an 
outcrop  occurs,  but  they  are  as  usual  greatly  distorted  and  crushed, 

and  the  beds  are  in  most  cases  either  vertical,  or  tilted  up  at  high 
angles,  and  in  some  places  even  inverted.  Among  these  fossils  the 
new  trilobite  Calymene  birmanica  has  been  detected  by  Mr.  Cowper 
Reed  in  a  small  collection  from.  Loi  Kok  (Loc.  106,  H  5),  and  the 
brachiopod  Orthisina  ascendens  Pander  in  that  from  the  flanks  of 

Loi  Pamong  (Loc.  108,  H  5)  ;  this  is  a  lower  Ordovician  form 
from  the  Kuckers  beds  of  the  Baltic  Provinces. 

Although  the    lower  Naungkangyi  beds  have  been  found  to  rest 
.  ,      .  .       directlv  upon  the   unfossiliferous  rocks  of  the 

( onditious  ot  deposition.    m        "  t»  i  i- 
lawng-Peng  system  wherever  t!>e  line  of  con- 

tact is  exposed,  and  the  unconformity  between  them  is  usually  well 

marked,  no  traces  whatever  of  conglomerates,  or  even  of  sand- 
stones, coarse  or  fine-grained,  are  met  with  among  them,  nothing,  that 

is  to  say,  which  implies  the  presence  of  dry  land  in  the  immediate 
neighbourhood  at  the  time  of  their  deposition.  They  appear  to  have 

,been  laid  down   in   the   open  sea,  perhaps  in  a  sea  of  not  very g2 
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great,  but  uniform  depth,  judging  from  the  homogeneous  charactei 
of  the  deposits  over  wide  areas.  The  presence  of  the  Ngwetaung 
sandstones,  and  of  bands  of  limestone  in  the  western  portion  of  the 
area  occupied  by  these  deposits,  and  their  greater  thickness  in  that 

direction,  seem  to  indicate  that  the  coast-line  lay  to  the  westward  ; 
and  this  conjecture  appears  to  be  the  more  probable,  because  no 

deposition  seems  to  have  taken  place  over  the  area  occupied  by 

the  crystalline  rocks  to  the  north-west  of  the  Shan  States,  through- 
out the  whole  of  the  Paleozoic  and  Mesozoic  periods. 

Consideration  of  the  homotaxial  equivalents  of  the  lower  Naung- 

kangyi  beds  in   other  regions  of  the  earth's 
surface  will  be    deferred  until  the  whole  of 

the  group   has   been  described,   but    sufficient  has    already  been 

said    to    indicate    that    they    correspond    very   closely    with  the 
middle  Ordovician  rocks  of  the  Baltic  Provinces. 

Upper  Naungkangyi  Stage  (Western  Area). 

The  strata  now  to  be  described  have  a  very  much  wider  dis- 

,..  ,  ,  tribution  at  the  surface  than  the  lower  Xaung- Litholo£cical  characters.     .  .  -  .  . ,  .  , 
kangyis,  and  may  be  said  to  constitute,  after 

the  Plateau   limestone,    the   most    important  formation  occurring 
in  the  Shan   States.    They  consist   of  peculiar  argillaceous  shales 

and  claystones  often  resembling  lithomarge   in  texture,  and  present 

a   great  variety  of  colours,  ranging   from    red   through  lavender, 
orange,  and  various  shades  of   yellow  to    a    pure    white.    In  all 
cases  they  bear  evidence  of  intense   crushing,  which   has  iesulted 

in    the    development    of   a   kind    of  incipient   cleavage,  resulting. 
in    many   cases,    in  the  obliteration  of  the  original  bedding  planes, 

so   that    the    term   '  shales  '  hardly  describes  them  correctly.  The 
rock,    indeed,    often    presents    the   appearance    of  a  mass  of  clay 

that  has  been  passed  through  a  '  pug  mill ';  and  when  broken  by  the 
hammer,  the  fracture  has   some   resemblance  to   a    '  slickensided ' 
surface.     This  compression   has  of  course  resulted  in    a  general 
distortion  of  the  fossils,  as  in  the  lower  Naungkangyi  beds. 

Two  lithological  varieties  of  these  beds  have  been  distinguished, 
one  of  which  is  found  along  the   southern  and 

Two  types  of  strata.  ,  , "  _ 
eastern  borders  of  the  old  lawng-rcng  land 

surface,  comprising  all  the  beds  of  this  age  to  the  west  of  Lashio, 

which  are  of  the  variegated  type  described  above ;  while  the 

second  is  the  predominating  type  in  the  Eastern  ranges,  consisting' 
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mainly  of  bright  purple  claystones.  In  the  western  area  a  pre- 
cisely similar  purple  band  occurs  at  the  top  of  the  variegated 

Naungkangyi  shales,  and  though  only  a  few  feet  in  thickness, 
is  very  conspicuous  by  reason  of  its  dark  colour,  and  very 
persistent  over  a  wide  area.  In  mapping  the  country,  I  thought 
at  first  that  there  were  peculiarities  in  the  fauna  of  this  purple 

band  which  were  reproduced  throughout  the  purple  beds  of  the 
eastern  area,  and  I  therefore  gave  the  latter 

Hwe-Mawng  beds.  ,  ,      ,        „  ,T 
a  separate  name,  that  of  the  Hwe-Mawng 

beds,  from  a  village  where  I  hit  upon  a  very  rich  assemblage  of 

fossils,  7  miles  to  the  west  of  Kehsi  Mansam.  During  the  pro- 

gress, however,  of  the  last  field-season's  work  in  the  Shan  States. 
19C6-07,  Mr.  Coggin  Brown  and  I  collected  from  the  variegated 
shales  below  the  horizon  of  the  purple  band,  at  a  locality 

near  Lilu  in  the  Nam-Tu  valley,  a  number  of  trilobites  which 

seem  to  be  identical  with  those  from  Hwe-Mawng,  and  it  is  there- 
fore quite  likely  that  the  purple  beds  of  the  east  represent  the  whole 

of  the  upper  Naungkangyis  of  the  west.  The  fossils  from  both 

areas  have  been  sent  to  Mr.  Cowper  Reed  for  identification  and  de- 
scription, but  he  has  not  yet  had  time  to  work  them  out.  He 

has,  however,  kindly  furnished  me  with  a  preliminary  list  of  them, 

but  the  specimens  cannot  be  said  to  possess  the  same  value  in  fix- 
ing the  horizon  of  the  beds  as  those  whose  description  has  already 

been  published.  His  provisional  determinations  are  therefore  marked 
in  the  list  given  below  by  the  sign  P  ;  while  new  forms  are  printed 

in  heavy  type,  and  the  asterisk*  signifies  those  which  also  occur  in  the 
lower  Naungkangyis.  At  the  same  time  I  think  it  advisable  to  retain 

the  separate  names  for  the  present,  since  it  is  not  yet  certain  how 
far  the  beds  as  developed  in  the  two  areas  correspond  with  each 
other. 

Upper  Naungkangyi  Fossils  (Western  Area). 

Anthozoa 

P.  Favosites  sp. 

Cystidea  : — ■ 
*  Echinocncrinus  cf.  angulosus  Pander 
*  ,,  aff.  Sencienbergi  E.  v,  Meyer 

Cryocrinus  sp. 
L\  Heliocrinue  sp. 
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Bryozoa  :~ 

(?)  Escharopora  sp. 
Ph/jlloporina  sp. 

Diplotrypa  palinensis  Reed 

*P.  Rhinidicti/a  cf  plumula  Salter 
P.  Monticulipora  sp. 

P.  New  Bryozoan  (gen.  indet.) 

Brachiopoda  : — 

*Rafinesquina  subdeltoidea  Reed 
*Leptcena  ledetensis  Reed 
*  Plectambonites  quinquecostata  McCoy 

,,        repanda  Salter 
*  „        sericea  Sowerby 

*Ortais  (Dinvrthis)  flabellulum  Sowerby 
*  „     irravadica  Reed 

*Clitambonites  cf .  squamata  Pander 
P.  Scenidium  sp. 

*P.  Orthisina  cf.  ascendens  Pander 
P.  Porambonites  sp. 
P.  Lmgula  sp. 

P.  Strophomena  (?)  sp. 

Moliusca  :— 

P.  Clenodonta  2  sp. 
P.  Modiolopsis  sp. 

P.  Lamellibranch  (gen.  indet.) 
P.  Pleurotoniaria  (?)  sp. 
P.  Trocholites  (?)  sp. 

Arthropoda  : — 
Remoplcurides  sp. 
Encrinurus  sp. 

Pliomera  ingsangensis  Reed 

*Calymene  birmauica  Reed 
Sphcerocoryphe  sp. 

P.  Illcenus  sp.  no  v. 

P.  Asaphus  (Ptychopyge)  sp,  (aft.  radiatus  Salter) 
P.  Cheirurus  sp. 
P.  Lichas  sp. 

I\  Bronteopsis  (?)  sp.  nov. 
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P.  Ampyx  sp.  noy. 

P.  Phacups  (Pterygometopw)  sp.  (aff.  alifrom  Salter) 
P.  Harpes  sp. 

P.  Agnostus  sp.  nov. 
P.  Primitia  sp. 

Hwe-mawng  Fossils  (Eastern  Area). 

Bryozoa  : — 
P.  Ptilodictya  (?)  sp. 

Brachiopoda 

P.  Christiania  tenutcincta  (?)  McCoy 
P.  Strophomena  af£.  corrugatella  Dav. 
P.  Otthis  (Dalmamlla)  sp. 
P.  Plectambnnites  (?)  sp. 

Mollusca  : — 
P.  Lamellibrancb    (gen.  indetv 
P.  Straparolhis  (?)  sp. 

P.  Large  gastrogod  (gen.  iodet.) 
P.  Hyolithes  sp. 

P.  Belhrcphon  (Sinuitcs)  sp. 

Arthropoda  : — 

P.  Asaphus  (Ptychopyge)  sp.  No.  1  (aff.  Lawroivi  Schm.) 

,,  ,,         sp.  nov.  No.  2 
P.  Ampijx  sp. 
P.  Dionide  (?)  sp. 

P.  Phacups  (Pterygometopus)  sp.  nov.   (aff.  Pander i  Schm.) 
P.  Illcenus  sp. 

P.  Calymene  aff.  duplicata  Murch. 
Pliomera  ingsangensis  Reed 

Although  the  collection  made  from  these  beds  is  not  as  large  as  it 

_  ,  .      „        .         might  have  been,  on  account  of  the  fragmen- Profusion  of  organisms.  ,  .  . 
tarv  slate,  ol  most  ol  I  he  specimens  met  With,  the 

number  of  individual   organisms  that  flourished  hi  the  seas  of  this 

period  must  have   been  extraordinary.    It   is  seldom  that  one  breaks 
open  even  a  small  piece  of  the  rock  without  exposing  at  least  the 
stem  joint   of  a  crinoid  or  cystidean,  and  detached  plates  of  the 
calices  of  the  latter  are  almost  as  common.     The  ornamental  ion 

of  the  plates  and  the  minutest  details  of  the  pore-rhombs,  etc.,  aie 
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usually  beautifully  preserved  in  these  casts,  when  first  exposed,  but 
they  are  in  so  soft  a  condition  that  the  slightest  touch  will  destroy 
them,  and  the  greatest  care  is  required  to  preserve  the  specimen. 
Detached  eyes  of  trilobites  are  also  very  common  in  some  places, 
showing  the  details  of  the  lenses  in  great  perfection,  but  in  the 
same  soft  condition,  though  the  other  parts  of  the  animal  are 

generally  more  solid  and  capable  of  being  preserved  in  a  collec- 
tion. 

On  the  western  side  of  the  plateau  these  beds  occupy  a  large 
area,  extending  northwards  from  a  line  drawn 

scarpof  plateau.  ̂estcin    along  the  base  of  the  hills  north  of  Maymyo  to the   head  of  the  Sedaw  valley  near  Sakangyi, 

(E  5)  as  far  as  the  Memauk-Aunglok  spur.     Throughout  this  area  the 
beds,  as  seen  in  numerous  outcrops,  are  generally  tilted  up  at  high 

angles,  or  are  vertical,    and  it  seems  at  first 
Great  apparent  thick-    gigllt    ag    fl^g^    t^e    formation  must   be  of I16SS. 

very  great  thickness  ;  but  where  it  is  exposed 
on  the  face  of  the  great  2,000  feet  scarp  north  of  the  Memauk 

spur,  it  is  seen  to  be  at  the  most  from  700  to  1,000  feet  thick, 

and  it  appears  possible  that  the  prevalence  of  high  dips  in  the 

southern  part  of  the  area  is  due  either  to  'creep  '  along  the  steep 
hill  sides  ;  to  weathering  out  of  the  'cleavage '  lines  ;  or,  what 
is  more  likely  to  be  the  true  explanation,  to  a  general  compres- 

sion of  these  soft  strata  between  the  harder  rocks  under  and 

overlying  them  into  a  series  of  minor  folds  and  contortions,  which 
cannot  be  recognised  as  such  on  the  ground  because  of  the 
small  extent  and  superficial  character  of  the  outcrops. 

In  this  area  collections  of  fossils  were  made  at  the  following 

Fossil  localities  places  :• — At  the  head  of  the  Sedaw  valley, on  the  path  from  Ani  Sakan  railway  station 

to  Sakangyi  (Loc.  85,  B  5),  besides  cystidean  plates,  a  doubtful 
specimen  of  EscJiaropora  sp.  was  obtained.  Further  east,  at  the 
top  of  a  small  hill  immediately  north  of  the  village  of  Nankat, 

near  Letkaung  (B  4),  Plcetambonites  sericea  Sow.  and  Orthis  irra- 
vadtca  Reed,  both  lower  Naungkangyi  forms,  were  the  only  two 
recognisable  fossils  collected  ;  but  a  short  distance  further  to  the 

north-east,  near  the  village  of  Ledet  (Loc.  82,  B  4),  in  some 
lavender  coloured  shales,  Leptcena  (?)  ledetensis  Reed,  already  recorded 
as  occurring  at  Lebyaungbyan  (p.  77),  Plectambonites  quinque- 
ostata  McCoy,    OrtJiis  irramdica  Reed,  and  two  trilobites,  Remo- 
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pleurides  sp.  and  Pliomera  ingsangensis,  a  new  form  described  by 
Mr.  Reed,  were  found.  The  Remopleurides  is  a  unique  specimen, 

and  is  not  in  a  very  satisfactory  state  of  preservation,  but  "most 
of  the  characteristic  generic  features  are  visible."  The  Ledet 
specimen,  according  to  Mr.  Reed,  is  allied  to  R.  Colbii  Portlock, 

from  the  Caradoc  beds  of  Co.  Tyrone  in  Ireland.  Pliomera  ing- 
sangensis is  the  most  common  trilobito  in  the  upper  Naungkangyi 

beds,  and  the  detached  pygidia  occur  at  a  large  number  of  locali- 
ties ;  specimens  of  the  thorax  and  carapace  are  not  so  frequently 

found.  The  pygidia  are  often  very  minute,  and  require  to  be 

carefully  looked  for. 
The  genus,  more  commonly  known  as  Amphion,  is  exclusively 

Ordovician,  and  has  a  wide  geographical  range,  occurring  in  Bohemia 
as  well  as  in  Russia,  Britain,  and  America.  The  species  described 

by  Mr.  Reed  resembles  in  the  characters  of  the  head  PI.  (Plio- 
merops)  canadensis  Billings,  but  the  pygidium  agrees  more  closely 
with  PI.  Fischeri  Eichw.,  a  Baltic  species.  A  pygidium  described 

by  Salter1  from  the  Ordovician  of  Niti  resembles  the  Burmese  form 
so  closely  that  Mr.  Reed  is  convinced  that  they  are  identical,  but 
he  thinks  that  there  is  insufficient  evidence  for  attributing  this 

pygidium  to  the  head-shield  described  by  Salter  as  Cheirurus  mitis. 
for  not  only  are  the  material  in  which  the  head-shields  and 

pygidium  occur,  and  their  mode  of  preservation,  quite  distinct, 
but  the  pygidium  is  not  of  a  Cheirurus  type,  no  species  of  that 

genus  being  known  to  possess  more  than  four  pairs  of  pleurae, 
whereas  both  the  Burmese  species  and  the  Niti  specimen  figured 

by  Salter  have  five. 
On  the  path  from  Maymyo  to  Naungkangyi  village,  where  it 

crosses  the  hills  north  of  the  railway  station,  numerous  plates  of 

Caryocrinus  sp.  were  found,  also  another  cystidean,  Echinoencrinus 

cf.  angulosus  Pander,  a  Russian  form  from  the  '  Vaginatenkalk  ' 
(lower  Ordovician)  near  St.  Petersburg.  Specimens  of  Orthis  irra- 
vadica  and  Pliomera  ingsangensis  Reed  may  also  be  found  here, 

on  the  slopes  of  the  hills  facing  Naungkangyi  (Loc.  92,  C  4). 

To  the  south  of  the  railway  the  upper  Naungkangyi  beds  cover 

a  large  area  in  the  valley  of  the  Nga-pwe-s6n 
Ng4-pwe-s6n  va  Icy.       stream,  to  the  east  of  the  ridge  bordering  the 

Maymyo  cart  road  between  Pyintha  and  Zegon,  extending  from 

l  Palaeont.  Niti,  p.  6,  pi.  I,  figs.  18,18a 
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Thabyegon  almost  down  to  the  Nam-Tu,  or  Myitnge  as  it  is  called 
in  this  part  of  its  course,  at  Lema.  All  round  the  sides  of  this 

valley  the  Plateau  Limestones  rest  directly  upon  them,  the  inter- 
vening Silurian  beds  being  absent ;  on  the  west  side  the  latter  are 

probably  cut  out  by  a  fault.  A  few  fossils  were  obtained  on  the 

ridge  a  short  distance  west  of  Kunlein,  (Loc.  89,  B  5),  on  the  path 

from  that  village  to  Pyintha,  including  Echinoencrinus  aff.  Sencken- 

bergi  v.  Meyer,  already  mentioned  as  occurring  in  the  lower  Naung- 

kangyis  of  Chaungzon,  (p.  75)  ;  Phi/lloporina  sp.",  Clitambonites  cf. 
squamaia  Pahlen,  also  a  lower  Naungkangyi  species ;  and  Pliomera 
ingsangensis  Reed.  A  patch  of  these  rocks  also  occurs  further  west, 
between  Naungwai  and  Lungaung. 

The  only  other  locality  south  of  the  railway   at  which  these 
beds  have   been  observed  is   at  the  southern  end  of   the  great 

scarp  crossed  by  the  railway  between  Hsum-Hsai  and  Nawnghkio 
,  ,  ,  at    Kyauk-kyan    CD    3).    As    one  descends 

Kyauk-kyan  scrap.  ,         J  i      i     t  n 
the  steep  grade  leading  down  to  wetwin 

station,  on  the  journey  from  Maymyo  to  Hsipaw,  this  scarp 
closes  the  view  to  the  east,  rising  like  a  wall  beyond  the 

broad  valley  of  the  Ke-laung  and  Hpawng-aw  streams,  surmounted 
by  precipitous  cliffs  of  limestone.  The  scarp  is  due  to  a  fault, 
which  runs  along  the  base  of  it,  increasing  in  throw  from  north  to 
south,  and  this  becomes  so  great  near  the  southern  end,  that  the 

formations  underlying  the  Plateau  Limestone  are  brought  to  the 

surface,  the  upper  Naungkangyi  beds  being  exposed  on  the  face  of 
the  scarp,  to  a  thickness  of  about  300  feet,  on  the  path  from 

Hkelawng  village  to  Enghpo,  and  containing  the  usual  fossils 
(Loc.  97,  D  4). 

Along  the  northern  edge  of  the  plateau  the  upper  Naungkangyis 
are  exposed  continuously  from  Nanydk  (  C  2), 

Northern    edge     of    near  Kalagwe,   in  a    south-easterly  direction 

to  Pamon,  on  the   Nam-panhse.      Here  there 

is  a  gap,  apparently  due  to  a  fault   running   along   the   bed  of 

the    river,  probably    a   continuation   northwards    of    the  Kyauk- 
kyan  fault    mentioned   in  the  last   paragraph ;    but   they  appear 
again  on    the    left    bank,  on    the  slopes    below   Pangsdng  (D  3). 

They   are  not  well  seen  at  Chaungzon,  but  may  be  found  along 
the  cart  road   near   the   river   between   the    lower  Naungkangyi 

locality    (p.  74)  and  the    bridge.     Beyond    this     they    are  con- 

cealed   by    overlap  along    the    valley   of    the    Nam-Tang  to  the 
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bend  from  north  to  west  near  Man-Loi  (D  3),  west  of  Pyaunggaung 
station.  Here  they  reappear  on  the  right  bank  of  the  river,  and 
are  fairly  well  exposed  at  Hweyawt  (Loc.  95,  J)  3),  where  Pliomera 
ingsangensis  is  very  common,  as  well  as  plates  of  Caryocrinus  sp. 

Hence  they  continue  up  the  right  bank  of  the  Nam-Tang  to  the 
bend  north  of  Nam-saw,  and  are  found  on  the  lower  slopes  of 
the  hills  north  of  this  village,  on  the  zig-zags  of  the  cart  road  leading  to 

M6ng-L6ng  (Loc.  94,  J)  2).  At  this  locality  there  has  been  a  great  deal  of 
faulting  and  other  disturbance  of  the  strata,  and  it  is  by  no  means 
easy  to  make  out  their  relations  with  each  other. 

Between  this  point  and  the  ravine  of  the  Nam-non,  east  of 
Kunkaw,  the  upper  Naungkangyi  beds  are 

exposed  only  in  patches,  as  inliers  surrounded 
by  higher  formations.  One  of  these  occurs  in  the  ravine  imme- 

diately south  of  Kiohsio  (S)  (E  2),  and  extends  across  the  ridge  west 
of  that  place  to  the  site  of  the  deserted  village  of  Ingsang  (Loc. 
93,  D  2),  which  has  given  its  name  to  the  little  trilobite  Pliomera 

ingsangensis,  so  common  in  these  beds.  Besides  this  species, 

the  fossils  collected  here  included  Rafinesquina  subdeltoidea  Keed, 
Plectambonites  sericea  Sow.,  Encrinurus  sp.,  and  Sfhwrocoryphe  sp., 
as  well  as  numerous  plates  and  the  detached  arms  of  cystideans. 
Only  single  and  very  minute  specimens  of  the  other  two  trilobites 
were  found,  that  of  Encrinurus  being  a.  pygidium  only  2  mm.  in 
length  ;  while  Sphcerocoryphe  is  represented  by  a  cast  and  impression 

of  a  head-shield  about  4  mm.  in  length.  Mr.  Keed  compares  it 
with  S-ph.  Hubneri  Schmidt,  from  Stage  C  3  of  the  Ordovician  of  the 
Baltic  Provinces.  The  genus  appears  to  be  confined  to  the  northern 
marine  zoogeographical  provinces  in  Europe. 

The    upper    Naungkangyi    beds    occur    in    the    deep  ravine 
„  east  of  Kiohsio  leading  down    to  the  Nam- Nam-  lu  valley.  .  •  i  p hsim,    but   the   sides  of   the   ravine   are  so 

densely  clothed  with  jungle  that  it   was  found  impossible  to  trace 

the   boundaries  of  the  formations  with  any  degree   of  accuracy 
here.     They  are  overlapped  by  higher  beds  in  the    gorge    of  the 

Nam-hsim,  but  are  found  on  both  sides  of   the    Nam-non  ravine, 

about  Kunkaw  on  the  west  and    Nam-yun  on  the  east.  They 

appear  again  on  the  Panghsa-pye  saddle,  and  from  this  point  may 
be   traced  almost  continuously  down  to  the  gorge  of  the  Nam-Tu. 
They  are  very  well  exposed  on  the  spurs  to  the  west  of  the  river 
and  in  the  bed  of  the  river  itself,  and   large    collections  of  fossils 
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have  been  made  from  them  at  various  places,  namely  :— At  Liiu ; 
on  the  path  from  this  village  to  Man-Ping   (Loc.  102,  F  1),  which 
runs  almost  entirely  over  them  ;  at   Ta-pangtawng  ferry  (Loc.  101, 
F  1)  ;  on  the  spurs  above  this  village,  near    Ngai-tao  and  between 
the  latter  place  and  Man-ngai  (Loc.  100,  F  1).     The  fossils  collected 
from  these  localities  have  not   yet  been   worked  out  in  detail,  but 
according  to  Mr.  Cowpcr   Reed's  provisional  list    those  from  near 
Liluj  include  an  Asaphus  allied  to  A.     (Ptychopyge)  radiatus  Salter, 
a  Caradoc  form  ;  species  of  Illcenus,  Cheirurus,    Lichas,  Bronteopsis, 
and  Ampyx,  all  well-known  Caradoc  or    Llandeilo    genera,   as  well 
as  the  two  new  species  Pliomera    ingsangensis  and    Calymene  bir- 
manica  already  described  by  Mr.  Reed  in  his  Memoir,  and  a  species 
of  Primitia.     The  brachiopoda  found  here  include  species    of  Sceni- 
dium,  Plectambonites,  and  Orthis,  while  Hyolithes    is  very  common. 
Further  up  the  valley  too,  near  Man-ngai  and   at  Ta-pangtawng, 
a  similar  collection  was  made,  including,  at  the  former  locality,  a 
Phacops  allied  to  P.  (Pterygometopus)  alifrons  Salter,  another  Caradoc 

T.  .  form,  and  a  species  of  Harpes   at  Ta-pang- 
Liniestone  bands.  . ,  , ,  .  f  ,       ,         r  t> 

tawng.     Along   the    river    bed    above  Lilu 

strong  bands  of  limestone  are  found,  apparently  intercalated  among 
the  shales.     These,  however,  are  probably  only  lenticular  masses 
with  a  quite  local  development.    They  do  not  appear  on  the  west 

side  of  the  river,  and  are  absent  in  the  section  on  the  Nam-pang- 
yun  below  Bawdwin,  beyond  the  limits  of  the  map. 

Upper  Naungkangyi  Stage  (Eastern  Area). 

Purple  beds  of  Hwe-Mawng. 

In  all  the  outcrops  of  the  upper  Naungkangyi  beds  exposed  to 
the  east  of  the  Gokteik  gorge,  there  occurs  at  the 

Purple  shale  band.  .    , .  ,       ,      p    ,    .  , 
top  oi  them  a  narrow  band  of  dark  purple 

shales,  already  alluded  to  on  page  85,  often  so  calcareous  as  to 
become  an  impure  argillaceous  limestone.  When  this  is  the  case 
the  rock  has  an  almost  schistose  appearance,  so  much  so  that  it 
has  actually  been  described  as  a  micaceous  schist,  the  calcareous 

matter  occurring  in  the  form  of  lenticular  "eyes,"  resembling  the 
drawn-out  crystals  of  felspar  in  an  'augen '  gneiss.  The  more 
argillaceous  portions  of  the  rock  are  highly  fossiliferous,  containing 
large  casts  of  fragments  of  crinoid  stems,  cystidean  plates,  etc., 

but  except  a  few  trilobites,  and  those  not  well  preserved,  no  deter- 
minable fossils  have  been  collected  from  this  band.    It  has  not  been 

i 
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detected  anywhere  to  the  westward  of  the  G-okteik    gorge,  where 
it  is  found  at  the  eastern  end  of  some  of  the  zig-zags  on  the  cart 
road,  and  at  the  bridge  in  the  bed  of  the  gorge,  but  to  the  eastward, 

as  far  as  the  rocks  have  been  traced  up  the  Nam-Tu   valley,  it 
is  very  persistent,  though  not  more  than  a  few  feet  thick. 

Among   the  ranges  east  of  the  plateau  the  lower  Naungkangyi 
beds   are   followed    immediately   by   a  great 

Litholoeical characters.         •  ,  r  ,  1  ',  ,■ thickness  01   purple    rocks     resembling  very 

closely  this  narrow  band  at  the  top  of  the  upper  series.  The 
variegated  shales  of  the  western  area  are  absent  here,  but  since  the 
purple  beds  contain  similar  fossils,  especially  Pliomera  ingsangensis, 
which  seems  to  be  pretty  freely  distributed  throughout,  and  is 

especially  common  near  the  base  of  the  formation,  I  think  there 
is  little  doubt  that  these  eastern  beds  are  the  equivalents,  in  point 
of  time,  of  the  whole  series  in  the  west,  including  the  variegated 
shales  and  the  purple  zone,  and  that  the  difference  in  colour  is  due 
to  accidental  causes.  These  rocks  are  seldom  calcareous,  but  possess 

a  peculiar  texture,  resembling  that  of  the  mudstones  of  the  Lud- 
low formation  in  England,  with,  as  commonly  happens  in  the  latter 

rocks,  a  tendency  to  become  aggregated  into  nodular  concretions. 

They  often  exhibit  no  well  defined  bedding  planes,  and  break  with 

a  somewhat  conchoidal  fracture ;  perhaps  the  term  'claystone '  is 
the  one  that  best  expresses  their  peculiar  character. 

The  purple  beds  are  found  all  along  the  crest  of   the  Loi-len 
range  east  of  Lashio,    conforming  everywhere 

Distribution.  Loi-len    tQ  the  distribution  of  the  lower  Naungkangyi range.  0  °J 
band  beneath  them,  but  they  are  not  developed 

to  the  same  extent  as  they  are  further  south,  nor  were  they  found  to 
contain  any  fossils  worth  collecting,  probably  because  of  the  intense 

crushing  they  have  sustained.  In  some  places,  as  on  the  pass  near 
Loilen  village  (Loc.  109,  I  1),  the  pressure  has  been  so  great  that 
the  beds  resemble  a  schist  rather  than  a  shale,  and  were  it  not  for 

their  position,  and  the  traces  of  organisms  which  they  still  contain, 
they  might  be  taken  for  much  older  rocks. 

To  the  east  of  the  broad  plateau  stretching  eastwards  from  the 

!  base  of  Loi  Ling,  in  which  the  Tertiary  coal- 
field   of    MYin-se-le,  described  by  Mr.  R.  R. 

Simpson,1    is    situated,    rises   an  elongated   dome-shaped    mass  of 

1  The  Namma,  Man-sang  and  Man-se-le  Coal-fields,  Northern  Shan  Stilus,  Burma  ; 
Records,  Geol.  Surv.  Ind.,  Vol.  XXXI II,  Pt.  2,  p.  152. 
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hills  separating  this  part  of  the  plateau  from  that  of  the  sub-State  of 
Mong  Keng,  extending  towards  the  Salween.  The  whole  of  the  central 
portion  of  this  mass  of  hills,  forming  an  oval  area  measuring  11 
miles  from  north  to  south,  and  4  from  east  to  west,  consists  of 

these  purple  beds,  brought  up  by  a  dome-shaped  anticlinal. 
The  formation  here  must  be  of  great  thickness,  for  though  the 

hills  are  deeply  eroded,  and  the  beds  are  tilted  up  at  fairly  high 
angles,  no  indication  of  the  lower  Naungkangyis  or  any  other  rocks 

at  the  base  has  been  detected.  The  purple  beds  are  full  of  crinoid  frag- 
ments, and  the  detached  eyes  of  trilobites  are  common  enough,  but 

no  well  preserved  fossils  were  found  in  this  area. 

The  purple  beds  are  also  exposed  along  the  south-eastern  flanks 

{ L  '  L'  °^         "k*n°'  round  the  head  of  the  Nam-Pat valley.  The  thickness  exposed  here  is  not 

so  great,  either  because  they  are  overlapped  by  higher  beds,  or 
perhaps  because  there  was  some  original  thinning  out  against  the 
platform  of  older  rocks  now  forming  Loi  Ling.  The  purple  beds 

here  rest  directly  upon  these  older  rocks,  the  lower  Naungkangyis 
being  absent  or  overlapped. 

Among  the  hills  east  of  Mong  Yai,  on  the  western  side  of  the 
Nam-Ha  valley,  these  beds  cover  a  very  wide 

Hills  east  of  Mong  Yai.  ml         "  '  .  ,  J       .  J area.  Ihe  western  slopes,  from  the  point 

where  the  Tang-Yan  cart  road  crosses  the  hills  north  of  Mong 
Yai,  to  Man-Hpai  at  the  southern  end  of  the  range,  are  almost 
entirely  composed  of  them,  and  on  the  other  side  of  the  main 

ridge  they  extend  from  the  head  of  the  Nam-Ha  river  to  Mong 

^  Heng,  where  it  debouches  on  to  the  plateau. 
Fossils  abound  in  the  rocks  at  many  places, 

and  outcrops  are  numerous  in  the  many  deep  ravines  that  score 
the  hill  sides.  Collections  were  made  at  about  a  mile  south-west  of 

Hkawnh-kok  (Loo.  75,  I  3),  on  the  path  leading  across  the  hills 
from  Nawa  to  Man-Hpai,  where  a  species  of  Asaphus,  an  Orthis 

(Dalmavella)  and  Hyolithes  are  very  common  ;  at  Hwe-hok  (Loc.  76, 
I  3),  about  half-way  between  Nawa  and  Mong-Ha,  where  fairly 
well  preserved  specimens  of  a  species  of  Ampyx,  and  a  single  one 

of  a  Trinucleus-\\ke  form,  probably  a  Dionide,  with  the  ubiquitous 
Hyolithes,  were  obtained  ;  and  in  a  ravine  about  half  a  mile  west 

of  Mong-Ha,  (Loc.  77,  I  3),  on  the  path  leading  up  to  the  peak 
marked  6,055  feet.  Here  the  collection  included,  besides  the 

genera  mentioned  above,  specimens  of  a  Phacops  (P(erygometopus) 
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allied  to  P.  Panderi  Schmidt,  and  belonging  to  a  sub-genus  of  the 
Phacopidce  strictly  confined  to  the  Ordovician ;  a  Strophomena  allied 
to  S.  corrugatella  Davidson,  confined  in  England  to  the  Llandeilo 
and  Caradoc  formations,  but  ranging  in  Scotland  to  the  middle 
Llandovery ;  and  a  brachiopod  which  Mr.  Cowper  Reed  thinks 
resembles  Christiania  tenuicincta  McCoy,  also  a  Caradoc  form.  Near 

the  head  of  the  Nam-Ha  (Loc.  74,  I  3)  I  found  a  single  specimen 
of  a  large  Bellerophon  (Sinuites)  in  these  beds,  and  on  the  roadside 

near  Kanlun,  a  mile  south  of  Hwe-hok,  Mr.  Coggin  Brown  picked 
up  a  distinctly  preserved  specimen  of  Agnostus,  the  only  one  of 
this  genus  that  has  so  far  been  found.  The  fragment  in  which 
it  occurs  was  unfortunately  not  in  situ,  however,  and  the  horizon 
from  which  the  specimen  originally  came  is  doubtful. 

On  the  eastern  slopes  of  the  hills  east  of  the    Nam-Ha,  facing 
the  broad  valley  of  the   Nam-Pang,  another Nam-Fang  valley.  .  / 
wide  band  of  these  purple  rocks  occurs,  and 

small  collections  were  made  at  two  places  :  on  the  path  from  Nam- 

pung  to  Nawng-yun  (Loc.  78,  J  3),  near  the  head  of  a  small 
ravine  about  a  mile  east  of  the  latter  village,  where  the  pygidia  of 
Pliomera  ingsangensis  Reed  were  found  in  considerable  numbers  in 

a  bed  low  down  in  the  series,  together  with  as  yet  undetermined 

species  of  Asaphus  and  Phacops  (Pterygometopus)  ;  and  near  Hsophi 
(Loc.  79,  J  4),  close  to  the  southern  end  of  the  band,  where  the 

collection  made  includes  Asaphus  (Ptychopyge)  sp.  (aff.  Lawrowi 
Schm.),  Christiania  tenuicincta  (?)  McCoy,  and  species  of  Hyolithes 
and  (?)  Ptilndictya. 

The  purple  beds  are  again  well  developed  along  the  eastern  side 
of  the   Loi  Pan  range,   extending  from  the 

East  side  of  Loi  Pan    vaney    of    the    Nam-La,    between  Man  Pun and  Loi  Twang.  -i  ' 
and  M6ng-La,  to  that  of  the  Nam-hen  west  of 

Ping-hsai,  the  whole  of  this  mass  of  hills  to  the  east  of  the  lower 
Naungkangyi  band  being  composed  of  them.  The  thickness  ex- 

posed must  be  very  great,  though  it  is  impossible  to  measure  it  on 
account  of  the  numerous  folds  into  which  the  strata  have  been 

thrown.  South  of  the  Nam-hen  the  purple  beds  continue  across 
the  flanks  of  Loi  Kok,  shifted  to  the  east  by  the  transverse  fault 
along  the  valley  of  the  Nam-hen,  and  occupying  all  the  ground 
up  to  the  valley  of  the  southern  branch  of  that  river.  They  are 
then  thrown  back  to  the  west  by  the  Kehsi  Mansam  fault,  and 
form   all  the   foot-hills   parallel    to  the  Loi    Twang   range  as  far 
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as  Loi  Pamong,  beyond  which  point  they  have  not  yet  been 
followed. 

Fragmentary  remains  of  fossils  are  commonly  met  with  through- 

Fossil*  ou*  Danc^  °^  roc^sJ  DU^  only  a^  one  point 
were  they  found  to  be  worth  collecting.  This 

was  at  Hwe-Mawng  (Loc.  73,  H  5),  a  village  at  the  foot  of  Loi 
Twang,  7  miles  west  of  Kehsi  Mansam.  Here  the  fossils  occur 
quite  low  down  in  the  formation,  within  100  feet  or  so  of  the 

lower  Naungkangyi  band,  which  passes  through  the  village.  Well 
preserved  specimens  of  large  trilobites  are  fairly  common,  including, 

according  to  Mr.  Cowper  Reed's  provisional  determination,  two  new 
species  of  Asaphus,  one  allied  to  A.  (Ptychopyge)  Lawrowi  Schmidt, 
a  characteristic  Kuckers  form  ;  a  new  species  of  Phacops  resembling 
P.  (Pterygometopus)  Panderi  Schmidt ;  a  Calymene  allied  to  C. 

duplicata  Murchison,  both  characteristic  Llandeilo  species ;  with 
Plectambonites  (?)  sp.,  StraparoUus  (?)  sp.,  and  two  new  species  of 
Hyolithes,  a  very  common  fossil  here.  Since  these  were  the  first 
recognisable  fossils  that  I  obtained  from  the  purple  beds,  I  have 
bestowed  the  name  of  this  village  on  the  formation. 

A  small,  isolated  area  of  the  purple  beds  was  discovered  by  Mr. 
Coggin  Brown  on  the  western  side  of  the  Loi West  side  of  Loi  Pan.  ,  ,  .  . 
ran  range  at  Man-sam-Iai,  on  the  cart  road 

from  Mong  Tung  to  Hsipaw,  measuring  about  4  miles  from  north  to  south, 
by  about  one  mile  in  breadth. 

In  his  Memoir  on  the  lower  Palaeozoic  fossils  of  the  Northern 

Shan  States,  Mr.  Cowper  Reed  has  already 

discussed  the  palaeontological  evidence  for  the 

age  of  the  Naungkangyi  formation,  and  has  established  the  fact  cf 

its  general  correspondence  with  some  part  of  the  Ordovician  system 

in  Europe  and  North  America.  Since,  however,  the  fossils  as 

sent  to  him  were  labelled  as  having  been  collected  from  one  set 

of  beds,  and  it  was  not  until  afterwards  that  further  work  in  the 

field  showed  that  he  was  justified  in  assuming  that  more  than 

one  stage  was  represented,  he  was  obliged  to  rest  content  with  this 

gi  neral  expression  of  opinion,  and  to  defer  a  mors  definite  correlation  of 
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the  formation  with  its  equivalents  in  other  regions  until  more  was  known 
about  the  stratigraphical  conditions  actually  prevailing  in  the  field. 

Although  much  remains  to  be  done  in  working  out  the  details 

of    the    stratigraphy, — the    determination,  for 

toIogkierevicLncoPalai0n"  instance>  .of  the  exact  horizon  of  the  unique, though  richly  fossiliferous,  Cystidean  beds  of 

Sedaw  being  still  uncertain, — the  division  of  the  formation  (leaving 
out  of  account  for  the  present  the  Ngwetaung  sandstones,  which 

have  so  far  not  yielded  any  determinable  fossils)  into  two  easily 
distinguished  groups,  a  lower  and  an  upper,  has  been  established  ; 
and  I  propose  to  review  the  palseontological  evidence  placed  at  our 

disposal  by  Mr.  Cowper  Keed's  able  Memoir,  in  the  light  of  the 
more   complete  stratigraphical  knowledge   we  possess. 

In  order  to  make  this  evidence  more  clear,  it  will  be  convenient 

to  arrange  the  fauna  described  from  each  divi- 
Range  and   distribu-    s[on  0f  the  formation  respectively  in  tabular 

species,.  form,    giving    the   stratigraphical    position  of 
each  genus  and  species,  or  its  nearest  allies,  as  it  has  been  deter- 

mined in  other  regions.  In  these  tables  new  species  are  printed 
as  before  in  heavier  type,  and  those  which  are  found  in  both  the 

upper  and  lower  stages  of  the  formation  are  marked  with  an 
asterisk  : — 





Tables  2  and  3. 

List  and  Distribution  of  Naungkangyi  Fauna. 

n  2 
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Table  2. 

List  and  Distribution  of 

Note  : — The  following  abbreviations  are  used  in  Tables  2  and  3  : — 
Lw  =  Ludlow. 
Wk  =  Wenlock  =  litage  E2,  Bohemia  =  Niagara  Group,  N.  America. 
Ly  =  Llandovery  =  Etage  El,  Bohemia. 
Cc  =  Caradoc  or  Bala  =  Wesenberg  beds,  Russia  =  Trinucleus  and  Brachiopod  beds, 

Sweden  =  iitage  D4,  D5,  Bohemia,  =  Trenton  Group,  N-  America. 

Name. Range  and  Distribution  of  Genera. 

Cystidea. 

Aristocystis  dagon  Bather  U.  Ord.,  Bohemia 

Heliocrinus  fiscella  Bather  .... U.  Ord.,  N.  Europe,  Bohemia,  S. 
France. 

rugatus  Bather  .... Ditto  .... 

„        qualus  Bather  
Ditto  .... 

«P  
Ditto  .... 

Caryocrinus  aurora  Bather  .... U.  Ord.,  Scandinavia.  Si].,  America 
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Lower  Naungkangyi  Fauna. 

Lo  =  Llandeilo  =  Echinosphaerites  beds,  jRws.s;'a==Etage  D2,  D3,  Bohemia. 
Ag  —  Arenig  =  Vaginaten  limestone,  Russia  =  Orthoceras  limestone,  Sweden  =  Chazy  Group, 

N.  America. 

Sil=Silurian  ;  Ord.  =  Ordovician. 

U.  =  Upper  ;  M.  =  Middle  ;  L.  -  Lower. 

Horizon  and Distribution  of  Species  or 
Nearest  Ally. 

Nearest  Allies. 
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 Remarks. 

A.  bohemicus  Barr.  . Cc 

(  H.  balticus  Eichw.  . L.Lo 

'  H.  aranea  Schloth  . L.Lo 

fH.  Helmhackeri  Barr. 

I  H.  Rouvillei  v.  Keen. 

Co 

Cc,  S.  France. 

C  H.  confortatus  Barr. Cc 

j  H.  granatum  Wah- 
L  lenb. 

Ag 

C.   ellifticus  Millor 
and  Gurley. Wk 
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Table  2— contd. 

List  and  Distribution  of 

Name. Range  and  Distbibution  of  Genera. 

Cystidea — contd. 

Caryocrinus  turbo  Bather  ..... U.  Ord.,  Scandinavia.  Sil.,  America. 

avellana  Bather  .... 
Ditto       .       .       .       .  : 

(?)  sp  Ditto  .... 

Protecrinus  sparsiporus  Bather  .... L.-M.  Ord.,  Russia,    U.  Ord., 
T^o  nprvt  i  a 

*Echinoencrinus  aft.  Senckenbergi  H.  v.  Meyer Ord.,  N.  Europe 

CheirocrinuB  (?)  sp.  ..... Ord.,  Europe,  Canada 

Bryozoa. 

Escharopora  sp. M-U.  Ord.,  Europe,  America 

*Rhinidictya  cf.  plumula  Salter  .... U.     Ord.,    Himalaya,  Europe, 
America. 
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Lower  Naungkangyi  Fauna — contd. 

Nearest  Allies. 

f  C.  bulbulus  Miller 

j     and  Gurley. 

|  C.  sphceroidalis  Mil- 
1^    ler  and  Gurley. 

P.  frnqum  Eichw. 

f  Ptilodictya  ■plumnla 
I  Salter! 

j  Ptilodictya  d  it  7/  <  >toma 
{  Portl. 

Horizon  and  Distribution  of  Species  or 
Nearest  Ally. 

pq 

.5  .2 

>  '53 

L.Lo 

L.  Lo 

T3 

o 

Co. 

Cc 

a 

Wk 

Wk 

Remarks. 

(?)  Hemicosmifes Loczyi.  Pupjao 

S.  W.  Yunnan. 

Cc,  Nsti  Pass. 

Ireland. 
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Table  2 — contd. 

List  and  Distribution  of 

Name. 

 • 

Range  and  Distribution  of  Genera. 

Bryozoa — contd. 

Rhinidictya  sp.  . U.     Ord.,     Himalaya,  Europe, 
America. 

Phylloporina  orientals  Reed.  .... Ord-Sil.,  America 

sp  Ditto  .... 

Diplotrypa  (Mesotrypa)  sedavensis  Reed Ord.,  N.  Europe,  America  . 

(?)  sp  
Ditto       .  . 

(?)  sp  
Ditto  .... 

Fistulipora  sp.  . Sil-Perm.,  Europe,  America 

Brachiopoda. 

Schizotreta  cf,  elliptica  Kut.  .... Ord.-Sil.,  Russia,  N.  America 

Rafinesquina  imbrex  Pander.  .... Ord.,  Europs,  N.  America  . 
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Lower  Naungkangyi  Fauna — contd. 

Nearest  Allies. 

R.  mutabilis  Ulrich 

R.  pauper  a  ., 

Protocrisina  eriyva 
Ulrich. 

ph.  corticosa  Ulrich  . 

f  Mesotrypa  White- 
I     avesi  Nich. 

\  ,,,,, 
^  Foord. 

Slrophomena  imbrex 
Pandor. 

Slrophomena  line- 
alissima  Salter. 

Horizon  and  Distbibution  of  Species  or 
Nearest  Ally. 
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Remarks. 

Cc,  Niti  Pass. 
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Table  2 — contd. 

List  and  Distribution 

Name. 
Range  and  Distribution  of  Genera 

Brachiopoda — contd. 

Kannesquma  subdeltoidea  Keed 

*Plectambonites  quinquecostata  McCoy Ord.-Sil.,  Cosmopolitan 

*  sericea  Sow. 

Orthis  calligramma  Dal. 

„    (Dalmanella)  testudinaria  Dai. 

„  ( 

)  elegantula  Dal. 

?)  chaungzonensis  Reed  . 

Ditto 

Ord.-Carb.,  Cosmopolitan 

Ord.-Dev.;  Cosmopolitan 

Ditto 

Ditto 
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Lower  Naungkangyi  Fauna — contd. 

Horizon  and  Distribution  of  Species  or 
Nearest  Ally. 

Nearest  Allies. 
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Remarks. 

i 

Ag 

Lo-Ly 

Sil.,  Australia. 

c  Salter. 

Co  Niti  Pass 

Lo-Cc 

Lo-Ly 

Hp       "MiH  Paha 

L.Ly.,  Kian Tschang  pa, 

v  ill  1 1  a , 

Lo 
Lo-Ly 

Ti  T  iv            Id  a  n JJ.JJN  ,  IvlOilI Tschang  pa, 

China. 

Lo-Cc Lo-Cc 
Cc? vvC ^c,  iMti  x  ass. 

Cc Lo-Lw 
Ly-Wk Wk 

Sil.,  Australia. 

"0.  argentea  His 
Cc 

)  0.  thakil  var.  subdi- 
L    visa  Salter. 

Cc,  Niti  Pass. 



108  LA  TOUCHE  :  GEOLOGY  OF  NORTHERN  SHAN  STATES. 

Table  2 — concld. 

List  and  Distribution  of 

Namb. Range  and  Distribution  of  Genera. 

Brachiopoda — concld. 

*Orthis  (Dinorthis)  flabellulum  Sow. U.  Ord.,  Europe.  Sil.,  America 

„  irravadica  Reed  Ditto  .... 

„   subcrateroides  Reed  » — 

Chonetes  (?)  thebavensis  Reed  .... Sil.-Carb.,  Cosmopolitan 

Clitambonites  cf.  pyron  Eichw.  .... Ord.,  Europe,  America 

„            cf.  Bquamata  Pahlen Ditto  .... 

Porambonites  intercedene  Pander Ord.,  Cosmopolitan 

Arthropoda. 

*Calymene  birmanica  Reed  .... Ord.  Sil.,  Cosmopolitan 

In  cert m  Sedis. 

CyclocrinuB  Spasski  Eicbw.  .... U.  Ord.,  Russia  .... 
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Lower  Naungkangyi  Fauna — concld. 

Horizon  and Distribution  of  Species  or 
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Table  3. 

List  and  Distribution  of 

Name. Range  and  Distribution  of  Genera. 

Cystidea. 

Echinoencrinus  cf.  angulosus  Pander Ord.,  Russia  .... 

Bryozoa. 

Diplotrypa  (Mesotrypa?)  palinensis  Reed Ord.,  N.  Europe.  America  . 

DivAt'mUrU-L'A. 

Plectambonites  repanda  Salter  .... Ord.-Sil.,  Cosmopolitan 

*Leptaena  (?)  ledetensis  Reed  .... Ord.-Carb.,  Cosmopolitan  . 

Arthropoda. 

Remopleurides  sp.  ..... Ord.,  Europe,  N.  America  . 

Encrinurus  (?)  sp. Ord.-Sil.,  Cosmopolitan 

Pliomera  ingsangensis  Reed  .... Ord.,  Europe.  N.  America  . 

Spheorocoryphe  sp.  ..... Ord.,  N.  Europe 
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Upper  Nsungkangyi  Fauna. 

Horizon  and  Distribution  of  Species  or 
Nearest  Ally. 
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In  the  foregoing  table  I  have  left  out  of  account  those  genera 
and  species  that  have  been  only  provisionally  determined  by  Mr. 
Copper  Reed,  though  it  is  obvious  that  the  occurrence  of  such 
trilobites  as  Asaphus,  Lichas,  Brovteopsis,  Ampyx,  Harpes,  and 
Agnostus,  rnd  of  such  characteristically  lower  Ordovician  forms  as 

Phacops  (Pterygometopus)  Panderi  and  Asaphus  {Ptychopgye)  Law- 
rowi  confirm  in  the  clearest  manner  possible  the  general  conclusions 

already  formulated  regarding  the  age  of  the  Naungkangyi  forma- 
tion, that  it  corresponds  with  the  Ordovician,  Llandeilo  and  Cxraioc 

or  Bala  groups,  of  Europe.1 
Before  proceeding  to  a  discussion  of  the  affinities  of  the  fauna, 

it  may  be  well  to  offer  some  remarks  on  its 

thefaCuLdiStribUti0n  °f   local  distribution,  which  presents  some  peculiar 
features.     And  here  I  must  repeat  my  former 

statement  that  the  conditions  of  the  country  are  such  that  it  is 

extremely  difficult  to  connect  any  one  of  the  isolated  exposures  of 
rock  with  another  except  on  lithological  grounds,  or  to  ascertain 
whether  the  fossils  collected  at  any  given  spot  are  on  the  same 
horizon  or  not  as   those   found   in   lithologically   similar   beds  at 

another  locality.    Even  where  a  rich  fauna  occurs  it  is  often  im- 
possible to  be  quite  sure  to  what  horizon  it  belongs,  owing  to  the 

extraordinarily   isolated   and   unique   character   of    the  exposures. 
Thus  the  rich  Cystidean  fauna  of  Sedaw,  described  by  Dr.  Bather, 

has  only  been  found  at  that  one  spot  in  the  Shan  States,  and  the 

only  stratigraphical  reason  for  supposing  that  it  belongs   to  an 
horizon  low  down  in  the  series  is  the  fact  that  it  has  not  been 

observed  in  other  places  where  a  comparatively  complete  sequence 
of  rocks  can  be  seen ;  the  presumption  being  that  if  it  does  exist 
elsewhere,  it  is  overlapped  by  higher  beds. 

For  these  reasons  it  is  impossible  to  treat  the  fauna  of  the 

Naungkangyi  beds  otherwise  than  as  a  whole 
Local       range     of   for   ̂    present)   including   in   the  discussion species.  * 

the  fossils  both  from  the  upper  and  lower 

groups.  For  if  we  leave  out  of  account  the  cystideans  from 
Sedaw,  we  find  that  of  14  determinable  species  described  from  the 

upper  Naungkangyi  beds,  no  less  than  10  are  also  found  in  the 

lower  group.  No  doubt,  when  the  fossils  hitherto  undescribed.  from 

the  upper  group,  are  worked  out,  the  discrepancy  will  appear  much 

1  Y.  R.  Cowper  Reed,  Pre-Carboniferous  Life- Provinces,  Records,  Qeol.  Kurv.  Ii.d., 
Vol.  XL,  Pt.  1,  p.  22. 
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greater  ;  and  as  so  many  of  these  undetermined  fossils  are  trilobites, 
I  am  in  great  hopes  that  with  their  helj),  and  with  that  of  the 
brachiopoda,  it  may  be  possible  in  the  future  to  work  out  the  true 
palseontological  sequence,  when  the  country  is  more  opened  up.  But 
at  present  the  attempt  to  make  more  than  the  broadest  divisions, 
as  I  have  done  on  lithological  and  stratigraphical  grounds  alone, 
would  be  hopeless,  so  far  as  the  Shan  States  themselves  as  a  whole 
are  concerned  ;  and  I  can  do  no  more  than  suggest,  as  Mr.  Cowper 
Reed  has  already  done,  in  what  way  this  formation  is  related  to 
the  Ordovician  rocks  of  other  countries. 

The  difficulty  of  determining  the  horizon  of  each  exposure  with 

.  j  respect  to  the  whole  series  is  enhanced  by 
the  fact  that  it  is  seldom  that  the  fauna  of 

any  one  locality  is  strictly  comparable  with  that  of  another,  but 

appears  to  depend  upon  purely  local  conditions  of  environment, 
as  in  the  case  of  the  Cystidean  beds  of  Sedaw.  The  brachiopods. 
for  instance,  are  most  commonly  found  in  calcareous  sandy  beds, 
the  cystideans  and  trilobites  in  argillaceous  shales  ;  and  the  latter 

are  so  homogeneous  in  character  over  large  areas  that  the  litho- 
logical appearance  of  the  rock  gives  no  clue  to  the  horizon  of  any 

particular  outcrop.  The  sandy  texture  of  the  brachiopod  beds, 
and  the  fact  that  when  the  remains  of  trilobites  do  occur  in  them 

(and  they  are  often  numerous  and  of  large  size,  indicating  indivi- 
duals at  least  4  or  5  inches  across),  they  generally  consist  of  single 

thoracic  segments  or  fragments  of  a  carapace,  leads  me  to  suppose  that 
these  beds  were  laid  down  on  the  shallower  portions  of  the  sea 
floor,  where  strong  currents  prevailed.  If  this  was  the  case  they 
would  naturally  be  of  a  lenticular  form,  and  not  continuous  over 
large  areas.  The  bands  of  limestone  also,  which  occur  here  and 
there  among  the  shaly  beds,  seem  to  have  been  accumulated  under 

similar  conditions.  They  are  to  a  great  extent  composed  of  the 
ossicles  of  crinoids,  and  are  in  the  main  what  may  be  called  a 
consolidated  crinoid  sand.  Judging  from  the  profusion  of  these 
ossicles  in  the  rock,  and  of  fragments  of  crinoid  stems  in  the 

'  purple  band,'  there  must  have  been  an  exceedingly  rich  crinoid 
fauna  in  the  Ordovician  seas  of  this  region,  of  which  these  ossicles 
are  the  only  traces  that  remain. 

The  nearest  region  to  which  we  may  look  for  representatives 
_.    .  .    .  of  <his  scries  of  rocks,  leaving  out  of  account Himalayan  equivalents.  ,, 

lor  (he   preNcnl    the  sniiill   patches  whrch  are 
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known  to  occur  in  south-western  Yunnen,  and  which,  are  evidently 
only  an  extension  northwards  of  the  Shan  States  beds,  is  that  of 

the  Himalaya,  where  in  the  central  parts, — in  Spiti,  Bashahr,  and 
Kuniaon, — Ordovician  beds  have  been  found,  and  their  fossils  de- 

scribed ;  those  from  the  Niti  Pass  in  Kumaon  by  Salter1  so  far  back 
as  1865,  and  the  whole  of  the  collections  more  recently  by  Mr. 

Cow  per  Reed,2  who  bad  already  described  the  Burmese  fauna 
of  the  same  period.  His  researches  therefore  have  placed  him  in 

a  position  enabling  him  to  speak  with  the  highest  authority  on  the 
relations,  if  any,  that  exist  between  the  faunas  of  these  two  regions. 
The  conclusions  arrived  at  by  him  are  expressed  in  the  following 

words  : — 

"  In  spite  of  the  great  majority  of  the  species  "  (from  Spiti,  etc.)  "  being  peculiar 
to  the  Himalayas,  we  are  led  to  observe  that  they  mostly  show  affinities  with 
American  rather  than  European  forms.  This  is  surprising,  particularly  when 
the  character  of  the  Burmese  Ordovician  fauna  is  remembered,  since  its 

relations  were  seen  to  be  clearly  European. "3  .  .  .  "  The  striking  American 
stamp  which  the  whole  succession  of  faunas  from  the  different  horizons "  (of 
the  Himalaya)  "  possesses,  must  indicate  that  the  European  elements  were  almost 
entirely  excluded  from  the  marine  basin  in  which  these  beds  were  deposited. "4 

In  contrast  with  the  foregoing  he  says,  speaking  of  certain 

Relations  with  North    genera  in  the  Burmese  collections  :— 
Europe. 

"  All  these  are  especially  characteristic  of  the  lower  Ordovician  beds  of  North- 

ern Europe  and  particularly  of  the  Russian  Baltic  Provinces." 
And  of  others  : — 

"  These  all  suggest  the  Cystidean  or  Echinosphaerite  Limestones  of  Scandin- 
avia and  Russia  which  occur  near  the  base  of  the  Ordovician  formation." 

"  The  trilobites,  as  far  as  their  scanty  evidence  carries  us,  have  affinities 
which  likewise  point  to  the  northern  faunas  of  Europe  in  the  Lower  Ordo- 

vician period." 
Again,  of  the  Brachiopoda,  though  they  "  belong  to  species  with 

a  wide  horizontal  distribution  and  long  vertical  range,"  he 
remarks  : — 

"  Clitambonites  squamata  is  a  Russian  species  occurring  in  the  Echinosphserite 
Limestone.  Porambonites  intercedens  is  likewise  a  north  European  form  .  .  . 
'The  species  Orthis  calligramma,  0.  flabellulum,  0.  testudinaria,  O.  eleganlula, 
Raftnesquina  imbrex,  Phcldmbonites  sericea  and  PI.  quinquecoslala  range  through 

1  Salter  and  Blanford,  PaltBODtology  of  Niti,  in  the  Northern  Himalaya. 
*  Ordovician  and  Silurian  Fossils  from  the  Central  Himalayas  ;  Pal.  Ind.,  Ser.  X, 

Vol.  VII,  Mem.  No.  2. 
8  Lor.  cit.,  p  104. 
*  Ibid,  p.  L6£j, 
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the  Llandeilo  and  Bala  beds  of  Northern  Europe  and,  though  they  do  not 
help  us  to  fix  more  precisely  the  horizon  of  the  beds  in  whioh  they  are  found, 
yet  indicate  the  same  zoo-geographical  affinities  of  the  Burmese  Ordovician 
fauna.  The  fragmentary  cystidean  remains  from  all  the  fossiliferous  localities 
point  the  same  way.  The  only  anomalous  form  is  Ariatocystis,  whioh  is 

typically  a  Bohemian  and  South  European  genus."1 

Summarising  the  results  of  Mr.  Cowper  Reed's  researches,  as 

Affinifes  of  fauna  contained  in  the  two  Memoirs  contributed  
by 

him  to  the  Palaeontologia  Indica,  we  find 
that  he  has  described  124  species  from  the  Ordovician  rocks  of  the 
Central  Himalayas,  and  47  from  those  of  Burma.  Of  the  former 

52  (42  per  cent.)  are  allied  with  American  species,  while  only  31 

(25  per  cent.)  may  be  compared  with  European  forms.  Of  the  lat- 

ter, on  the  other  hand,  13  species  (27 "7  per  cent.)  have  American, 
while  no  less  than  30  (66  per  cent.)  have  European  affinities. 
Furthermore,  it  should  be  noted  that  while  among  the  Himalayan 
species  only  one,  Plectambonites  sericea,  is  identical  with  an  American 
form,  and  only  two,  PI.  sericea  and  Orthis  porcata  with  European 

species, — even  such  a  cosmopolitan  form  as  Orthis  (Dalmanella)  test- 
udinaria  being  represented  by  a  variety  ; — the  Burmese  fauna  ex- 

hibits a  far  closer  connection  with  that  of  Europe,  no  less  than  10 

species  being  identical.  Comparing  in  the  same  manner  the  Him- 
alayan with  the  Burmese  fauna,  we  find  that  of  the  124  species  of 

the  former  only  11  (9  per  cent.)  are  allied  forms,  and  that  only 
three  of  the  peculiar  forms,  Rhinidictya  plumula,  Plectambonites 

repanda,  and  Pliomera  ingsangensis,  appear  to  be  identical,  though 

of  this  little  trilobite  Mr.  Cowper  Reed  says  : — 

"  It  must  be  remembered  that  this  supposed  link  only  rests  on  one  im- 
perfect pygidium  from  Niti.2  " 

The  only  other  identical  fossil  is  the  ubiquitous  Plectambonites 
sericea. 

But  it  is  when  we  consider  the  composition  of  the  faunas  that 
the   most  striking   discrepancies   between  the 

fauCnamP0SitiOn    °f    ̂    Himalaya«    ™d  the    Burmese  areas  appear. One  of  the  most  marked  characteristics  of  the 

Naungkangyi  beds  is  the  extraordinary  abundance  of  the  remains 
of    Cystideans,    not    always    well    preserved,  it    is  true,   but  so 

1  Lower  Palaeozoic  fossils  of  the  Northern  Shan  States,  Burma  :  Pal.  Ind.,  New 
Series,  Vol.  II,  Mem.  No.  3,  p.  85. 

?  Of.  cit„  Pal.  Ind.  Scr,  XV,  Vol.  VII,  Mem.  No.  2,  p.  166. 

I  % 
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universally  distributed  through  the  rocks  that  almost  every  fragment 
that  one  breaks  open  contains  portions  of  the  detached  plates.  They 
must  have  literally  swarmed  in  the  seas  of  that  period.  In  Spiti 
and  Kumaon,  on  the  other  hand,  though  the  rocks  have  been 

thoroughly  searched,  not  a  single  specimen  of  this  class  of  organism 
has  been  discovered.  The  trilobites  are  almost  equally  conclusive. 

Of  the  Himalayan  forms  Mr.  Cowper  Keed  observes  : — 
"  The  scarcity  of  trilobites  is  a  remarkable  fact ;  with  the  exception  of 

one  or  two  individuals,  no  examples  of  this  group  occur  on  any  other  horizon 
but  No.  2  .  .  .  .  The  small  size  of  the  trilobites  is  noticeable,  none  attain- 

ing such  dimensions  as  are  usual  amongst  Ordovician  Cheiruridae,  Asaphidae 

and  Illaanida?.1" It  is  true  that  he  also  calls  attention,  in  his  Burmese  Memoir, 

to  the  "  rarity  of  the  trilobites  "  as  one  of  the  characteristics  of 
the  Burmese  fauna,2  but  this  remark  was  made  before  the  discovery 
of  the  rich  trilobite  localities  and  the  numerous  genera  found  there- 

in by  Mr.  Coggin  Brown  and  myself  during  the  last  two  season's 
work  in  the  Shan  States,  and  no  longer  holds  good ;  while  many 
of  the  specimens  of  the  genera  mentioned  above,  and  of  others 
collected  by  us,  will  compare  favourably  in  point  of  size  with  those 
from  the  Ordovician  beds  of  Great  Britain  or  of  the  Baltic.  Re- 

presentatives of  no  less  than  fifteen  genera  are  now  known  to 
occur,  and  when  it  is  remembered  that  these  were  collected  from 

no  more  than  a  few  square  feet  of  rock  in  each  outcrop  ac- 
cidentally exposed,  and  at  localities  far  distant  from  each  other,  it 

is  quite  certain  that  further  search  will  reveal  the  existence  of 

a  much  greater  profusion  and  variety  of  these  organisms.  The 
abundance  of  the  detached  eyes  of  trilobites  in  the  Hwe  Mawng 

beds,  already  alluded  to,  points  the  same  way.  Of  the  bryozoa, 
although  individual  specimens  are  common  enough  in  Burma, 
there  does  not  appear  to  be  anything  like  the  same  variety  of 
species  as  is  found  in  the  Himalaya,  and  only  one,  Rhinidictya 

plumula,  is  common  to  both  areas.  Of  corals  5  species  are  de- 
scribed from  the  Himalaya,  but  the  paucity  of  these  fossils  in  Burma 

is  most  marked.  The  mollusca, — lamellibranchs  and  gastropods, — of 
which  Mr.  Cowper  Reed  has  described  27  species  from  the  Himalaya, 

appear  to  be  hardly  represented  at  all  in  Burma  :  and  it  is  only 
among  the  brachiopoda  that  any  points  of  resemblance  are  found, 
while  these  lose  much  of  their  significance  when  we  reflect  that 

1  /bid,  p.  164. 

2  Of.  tit.,  Pal.  lad.,  N.  S.,  Vol.  II,  Mem.  No.  3,  p.  84. 
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only  those  genera  and  species  which  have  a  world-wide  distribution 
are  common  to  the  two  areas. 

The  existence  of  strata  of  Ordovician  age  in  Yunnan  was  first 

„      .  brought  to  light  by  v.  Loczy,  who    has  de- Extension  into  Yunnan.  .  °  °.         J  J 
scribed  them  in  the  account  of  the  expedition 

of  Graf  Bela   Szechenyi  to  China   (1877-1880).1     The   locality  is 
situated  at  Pu-pjao,  on  the  eastern  side  of  the  Salween  river,  on  the 

road  from  Teng-yueh  to  Ta-li-fu,  and  the  beds  consist  of  slaty  shales 
of  various  colours.     The  only  fossils  found  by  v.  Loczy  were  some 
cystidean  plates   referred   doubtfully    to   Hemicosmites,   similar  to 
those  which  are  so  common    in  the  Naungkangyi  beds,  and  are 

supposed   by   Mr.   Cowper   Reed   to    belong   to   Carfpcrinus,2  and 
very  imperfect  remains  of  trilobites  ;   but  the  locality  has  more 

recently  been  visited  by  Mr.  Coggin  Brown,  who  is  convinced  that 

the  Pu-pjao  beds  are  identical  with  the  Naungkangyi  formation  of 
the  Shan  States,    and   has  collected  a    rich  fauna,  consisting  of 

brachiopods  and  trilobites,  and  above  all  of  graptolites,  including 

well  preserved    specimens  of    Didymograptiis,    which,  it    is  to  be 
hoped,  will  go  far  in  enabling  the   true  horizon  of  the  beds  to  be 
established,  when  their  affinities  have  been  worked  out.    As  will 

be  seen  below,  this  is  the  third  distinct  graptolite  horizon  that  has 
hitherto   been  discovered   in  south-eastern  Asia.     In  addition  to 

confirming   v.   Loczy's   observation,   Mr.   Coggin   Brown   has  also 
obtained,  from  a  locality  further  to  the  south,  a  fine  series  of 

Cystideans,   resembling   in   their  mode  of  preservation  and  other 
characters  the  peculiar  forms  of  Sedaw  in  the  Shan  States.  His 
collections  are  now  in  the  hands  of  Mr.  Cowper  Reed,  and  it  is 
anticipated  that  a  description  of  them  will  soon  be  ready  for 

publication. 
A  wide  interval  separates  these  localities  in  Yunnan   from  the 

Equivalents  in    Cen-    representatives  of  Ordovician  strata  described 
tral  and  North  Eastern    by  v.   Richthofen,  Bailey  Willis,  and  others 3 
china"  as    occurring    in    Central    and  north-eastern 
China.    The  formation  there  constitutes   the   upper  part  of  the 

1  Roise  doe  Grafon  Bela  Szechenyi  in  Ostasien,  Vol.  I,  p.  707  ;  Vol.  Ill,  p.  21. 
■  Op.  cit.,  Pal.  Ind.,  New  Ser.,  Vol.  II,  Mem.  No.  3,  p.  33. 
»  v.  Richthofen.  China,  Vol.  II.  pp.  22<i,  :t I !>  :  Bailey  Willis,  Research  in  China, 

Vol.  I,  Pt.  1,  pp.  43,  2ti!» ;  Vol.  II,  p.  42  :  T.  Lorenz,  Op.  cit.,  Zeitachr.  d.  lkvlsch.  Gtol. 
Geaellsch.  Bd.  LV11,  p.  447.  In  Bd.  1A  III.  Lorenz  urns,  on  pp.  116  to  119,  a  useful 
summary  of  our  knowledge  of  the  Palaeozoic  formations  of  China  and  the  neighbour- 

ing regions,  to  tho  year  l!t().j  :  F.  Leprinec-Rinj'Uet,  Etude  C«  oloL'icpie  sur  le.  Kord  de  la 
Chine;  Annules  dea  Mines,  Ser.       Vol.  XIX,  p.   347,  a    rieuml  of  v.  Richthofen 't 
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Sinian  system,  and  consists  of  limestones,  the  Tsij-nan  and  Ki-sin-  . 

ling  limestones,  in  "which  a  number  of  Ordovician  fossils  have  been 
found ;  and  although  none  of  the  Burmese  species,  except  the 
cosmopolitan  Ortliis  palligramma  and  0.  (Dalmanella)  testudinaria  are 
identical,  yet  the  facies  of  the  fauna  seems  to  be  distinctly  similar, 

as  the  following  list,  compiled  from  those  given  by  Bailey  Willis,1 
will  show  : — 

Cornulites  sp. 

Lingula  (?)  sp. 

Orthis  calligramma  Dalman. 

i     „    (Pleclorthis)    Willisi  "VVeller. 
.,    {Dalmanella)  testudinaria  Dalman. 

Strophomena  sp. 

Clitanibonites  chinensis  Weller.2 
,,        (Hemipronites)  tenuistriata  Weller. 

Triplacia  Poloi  Martelli.3 
Cyrtodonta  (?)  sp. 
Vaginoceras  sp. 

Ampyx  chinensis  Weller. 
,,     cf.  costatus  Boeck. 

Asaph  us  IcBvis  Weller. 
,,       asiaiicus  Weller. 
,,      chinensis  Weller. 

,.       cf.  expansus  Dalman. 
lll&nus  (?)  bronleoides  Weller. 

Megalopsis  minor  WTeller. Bathyurus  sp. 
Isotelus  sp. 
Proetus  (?)  sp. 

Calymene  (?)  sp. 
Ptenjgometopus  (?)  sp. 

Porambonites  intercedens  Pander,  a  fossil  which  occurs  at  Leby- 

sungbyan  and  f^edaw  in  the  Shan  States,  has  also  been  recognised 
6y  Martelli,4  from  the  lower  Silurian  (Ordovician)  of  Shan  -si. 

i  Op.  dt.,  Vol.  I,  Pt.  I,  p.  270. 
-  Stuart  Weller,  ])eseri|itions  of  New  Species  of  Ordovician  Fossils  i.t.in  China; 

Proe.  U.  S.  Nat.  Mue.,  Vol.  XXXII,  p.  5.r>7. 
3  A.  Martelli,  Fossili  dol  Siluria.no  Infcriore  dello  Schensi  (C'ina.)  ;  Bell.  £ci.  Gcol. 

Ualiana,  Vol.  XX,  p.  295. 
*  Oi>.  dt.,  p.  :;04. 
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The  new  material  from  the  upper  Naungkangyi  beds,  now  in 
the  hands  of  Mr.  Cowper  Reed  (see  list,  p.  85),  may  possibly 
lead  to  the  establishment  of  a  more  definite  relation  between  the 

Ordovician  of  the  Shan  States  and  of  China,  when  the  collections 

are  examined.1 

Nyaungbaw  Limestones. 

Along  the  cart  road  from  Mandalay  to  Maymyo,  after  surmount- 
ing the  outer  scarp  of  the  plateau  above  the Occurrence 

village  of  Kyetnapa  (B  5),  some  red  limestones 
are  found  extending  from  about  mile  post  21  to  within  a  mile  of 
the  rest  house  at  Nyaungbaw,  disappearing,  however,  beneath  the 
Plateau  Limestone  before  reaching  that  place.  At  the  village  they 
are  brought  up  again  by  a  fault,  and  extend  along  the  road  beyond 
Yemeye  to  the  top  of  the  steep  ascent  below  Pyintha.  On 

this  ascent  they  are  well  exposed,  forming  a  dip-slope  extend- 
ing along  the  hill  side  to  the  north  as  far  as  the  railway,  where 

it  ascends  the  steep  gradients  between  Zebingyi  and  Thondaung 
stations. 

The  first  fossil  discovered  in  these  beds,  indeed  the  first  to  be 
_    .,  found  on  the  Shan  plateau,  was  the  peculiar 
Fossils.  .  A  r 

organism  collected  by  Dr.  JNoetiing  between 

Yemeye  and  Pyintha  (Loc.  71,  B  5),  and  supposed  by  him  to  be  a 
gigantic  species  of  E  chinos  phcerites,  to  which  he  gave  the  name  of 
E.  KiiKji,  in  honour  of  the  Director  of  the  Geological  Survey  at 

that  time.2  Dr.  Noetling  subsequently  separated  off  the  rocks  con- 
taining these  fossils  from  the  rest  of  the  limestones  of  the  Shan 

plateau  under  the  name  of  the  Pyintha  Limestone,3  but  since  it 
has  been  found  that  his  group  includes  rocks  of  different  ages,  it 
has  been  thought  advisable  to  confer  the  name  of  Nyaungbaw 
Limestone,  given  to  them  in  1900,4  on  these  beds. 

1  While  this  Memoir  was  passing  through  the  press.  I  was  inlormed  by  Mr. 
Hayden,  Director  of  the  Geological  Survey,  that  he  had  discovered  representa- 

tives of  the  Naungkangyi  group  at  Taunggyi,  the  capital  of  the  Southern  Shan 
States.  No  determinable  fossils  were  found  ;  but  Mr.  Coggin  Brown,  who  is  well 
acquainted  with  the  Naungkangyis  of  the  Northern  States,  is  convinced  that  the 
beds  belong  to  this  formation. 

2  Vield  Notes  from  the  Shan  Hills,  Records,  Qeol.  Surv.  hid.,  VoJ.  XXIII.  Vt.  2, 
p.  78. 

3  Coal-fields  in  the  Northern  Shan  States;  I  hi. I,  Vol.  XXIV,  p.  104. *  (ieneral  iluport,  Ucul.  Hurv.  hid.,  1899-1900,  |>.  82. 
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The  rocks  of  this  formation  consist  for  the  most  part  of  red  or 
chocolate  brown  limestones  passing  into  grey 

^Lithological      charac-     or    br;ght  and    80metimes    purple  lime. 
stones.     Bands   of  red   clay  are  interbedded 

with  these,  and  the  limestones  themselves  usually  contain  a  large 
amount  of  argillaceous  matter,  in  such  cases  presenting  a  peculiar 

lenticular  structure,  like  that  of  the  German  '  Knollenkalk  '  or  '  Netz- 

kalk.  '     It  also  resembles  that  already  described  as  characterising 
the  more  calcareous  portions  of  the  purple  band  at  the  top  of  the 

upper  Naungkangyis  (p.  92). 
The  large  fossil  named  Echinosphcerites  Kingi  by  Dr.  Noetling 

has  since  been  examined  and  fully  described 
Camarocnnus.  ,  ' by   Mr.    lowper   Keed,   whose   account  of  it 

is  published  in  the  Pala?ontologia  Indica  (Op.  cit.,  p.  88,  PI.  VIII, 

iigs.  16,  16a-e),  under  the  name  of  Camarocrinus  asiaticus.  (A  photo- 
graphic reproduction  of  the  type-specimen  is  given  in  Plates  25  and 

26).  The  genus  has  been  studied  by  Prof.  Schuchert,1  who  has 
described  several  species  from  the  Helderberg  Group  of  West  Virginia, 
Indian  Territory  and  Tennessee,  U.S.  A.  In  Bohemia  a  similar  fossil, 

named  Lobolithus  by  Barrande,  is  found,  but  at  a  lower  horizon, 
namely,  in  the  stages  E  1  b  and  E  2,  whereas  the  Helderberg  Group 
corresponds  to  the  Bohemian  stage  F.  The  organism  was  conjectured 
by  Hall  to  be  a  chambered  bulb  attached  to  the  root  of  a  crinoid. 
to  act  as  a  kind  of  float  or  anchor  to  the  body  and  arms. 

Prof.  Waagen  and  Dr.  Jahn  of  Vienna,  who  have  described  the 
specimens  collected  by  Barrande,  agree  with  this  view,  but  Dr. 

Jahn  also  supposes  that  they  might  represent  '  brood  receptacles  ' 
(Brutsbehdlter),  and  that  some  of  them  were  a  modification  of  the 

root  of  Seyphocrinus,  with  which  they  are  often  found  in  associa- 
tion in  Bohemia.  Prof.  Schuchert,  however,  does  not  accept  the 

views  of  Dr.  Jahn  on  these  latter  points,  remarking  that  Seypho- 
crinus is  unknown  in  America,  and  that  in  the  beds  in  which  Cama- 

rocrinus occurs  in  large  numbers,  the  remains  of  other  crinoids  are 
very  rare.  He  is  also  convinced,  from  inspection  of  the  actual 
occurrence  of  Lobolithus  with  Scyphocrmus  in  Bohemia,  that  the 
connection  between  the  two  is  fortuitous  (Op.  at.,  p.  262).  He 

suggests,  however,  that  since  Camarocrinus  was  evidently  not  a 
complete  animal,  nor  the  theca  of  either  a  cystid  or  crinoid,  being 

1  Silurio  and  ljovonic  Cystidca ;  Smithsonian  Aliscdl.  Coll.,  Vol.  XL VII,  Pt.  2,  pp. 
53  -272. 
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devoid  of  either  ambulacra,  mouth,  or  anus,  and  was  apparently 
intended  to  be  a  float  of  some  kind,  it  drifted  away  on  the 

death  of  the  individual  to  which  it  belonged,  shedding  the  crown 
and  stalk,  and  finally,  becoming  filled  with  water,  sank  to  the 
sea  bottom  at  a  distance  from  its  original  habitation  (Op.  citi, 

p.  267).  This  supposition  would  explain  why  it  is  that  crinoid 
calices  and  other  fragments  are  so  rarely  found  associated  with 
Camarocrinus . 

It  is   worthy  of  remark   in  this   connection  that  Camarocrinus 
.,,    „      asiaticus    is    associated,    in    the  Nyaungbaw 

Association  with  Scy-  ... 
phoerinus  in    Burma.       Limestone,  with  large  numbers  of  the  remains 

of  a  crinoid,  which  Mr.  Reed  has  recognised 

as  probably  Scyphocrimis,  the  genus  that  is  commonly  found  to- 
gether with  Lobolithus  in  Bohemia.  At  the  21st  mile  on  the  cart 

road,  about  2  miles  west  of  Nyaungbaw  (Loc.  70,  B  5).  Mr.  Datta 

discovered  whole  slabs  of  rock,  a  pink  limestone,  covered  with  the 
interlaced  brachial  ossicles  and  stem  joints  of  this  crinoid,  and  I 
have  since  found  imperfect  specimens  of  Camarocrinus  in  the  same 
bed.  On  the  other  side  of  Nyaungbaw  also,  near  Yemeye  (Loc. 

71),  at  the  foot  of  the  zig-zags  leading  up  to  Pyintha,  where  the 
best  preserved  and  most  numerous  specimens  of  Camarocrinus  occur, 
an  imperfect  calyx  was  obtained,  closely  allied,  according  to  Mr. 

Cowper  Reed,  to  Sc.  excavatus,  from  Etage  E  1 — E  2  of  Bohemia. 
The  association  of  Camarocrimis  with  Scy  phoerinus,  both  in  Bohemi-i 
and  in  Burma,  is  certainly  suggestive  of  a  more  intimate  connection 

between  the  two  genera  than  Prof.  Schuchert  is  willing  to  admit, 

but  it  must  be  confessed  that  no  specimens  have  yet  been  dis- 
covered that  point  to  anything  more  than  a  merely  accidental 

grouping  together  of    the    remains  in  the  same  beds. 

In  a  short  review  of  Mr.  Cowper  Reed's  work,  published  in  the 
American  Journal  of  Science  (4th  series,  Vol. 

JwSSmL  NyaUDg"  XXV'  P-  262>'  Prof-  Schuchert  takes  excep- tion  to  the  position  assigned  by  me  to  the 

Nyaungbaw  beds  at  the  top  of  the  Ordovician  system,  and  remarks 

that  "the  pahcontological  evidence  "  as  then  presented  "clearly 
places  this  formation  in  close  association  with  the  Zebingyi  beds," 
at  the  base  of  the  Plateau  Limestone.  But  when  it  is  considered 

that  Camarocrinus  belongs  to  very  different  horizons  in  Bohemia 

and  America  respectively, — no  less  than  four  formations  intervening 
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in  the  latter  country  between  the  Rochester  Shale,  the  equivalent 
of  the  stage  in  which  it  occurs  in  Bohemia,  and  the  Helderberg 

Group, — it  appears  to  me  that  it  would  be  unsafe  to  argue  too  closely 
from  its  presence  here  regarding  the  relative  age  of  the  deposit.  More- 

over, the  stratigraphical  evidence  indicates  that  there  must  have  been  a 

considerable  interval  between  the  period  of  deposition  of  theNyaung- 
baw  Limestone  and  that  of  the  Zebingyi  beds  ;  for  not  only  is  a 

whole  formation,  the  Nam-hsim  sandstone,  of  Wenlock  age  (which 
on  the  Nam-Tu  attains  a  thickness  of  at  least  2,000  feet),  almost 
sntirely  absent  in  the  western  sections,  where  the  Nyaungbaw  and 

the  Zebingyi  beds  are  in  contact ;  but  I  have  also  convinced  my- 
self, having  been  over  the  ground  several  times,  that  there  is  a 

decided  unconformity  between  these  two  formations.  This  may  be 
observed  in  the  railway  cuttings  about  a  mile  below  Zebingyi 
station,  and  in  a  small  cutting  about  a  quarter  of  a  mile  east  of 
Thondaung  station,  where  the  Zebingyi  beds  are  actually  seen 

resting  upon  an  eroded  surface  of  the  Nyaungbaw  Limestone,  one 
of  the  very  few  instances  I  know  of  where  the  actual  contact  of 
two  formations  is  visible  (Plate  9,  see  also  fig.  5,  p.  169). 

The    Nyaungbaw  Limestones  appear  to  cover  a  very  restricted 

t  _b  area.     Some   patches   of  them   occur  among 
the  hills  north  of  Maymyo  (Loc.  72,  C  4), 

where  specimens  of  Camarocrinus  asiaticus  were  found  by  Mr.  E.  A. 
Gabbett,  Executive  Engineer  in  the  Public  Works  Department,  in 

quarrying  the  stone  for  the  Municipal  Water-works  Reservoir. 
Hence  they  extend  at  intervals  to  the  north,  forming  a  line  of 

conspicuous  ridges  near  Palin,  about  6  miles  north  of  Maymyo, 

where  a  few  fossils  were  found  in  them,  including  Diplotrypa  palin- 
ensis  Reed ;  Lingula  cf.  quadrata  Eichwald ;  Plectambonites  repanda 
Salter ;  and  Orthis  irravadica  Reed.  Of  these  the  first  and  last 

are  new  species  ;  the  Diplotrypa  differs  from  that  of  Sedaw  in 

possessing  no  acanthopores  and  in  the  irregularity  of  the  dia- 
phragms in  the  mesopores,  and  in  the  former  respect  resembles  Meso- 

trypa  quebecensis  Ami  and  M.  discoidea  Ulrich.  The  Orthis  is  a 

common  Naungkangyi  form.  Livqula  quadrata  occurs  in  the  Ordo- 
vician  beds  of  Russia  and  the  Craighead  limestone  of  Girvan,  and 

I'lcclaiiibonites  repanda  in  the  Oidovician  of  Niti.  So  far  as  these 
fossils  go,  therefore,  the  Nyaungbaw  Limestone  would  seem  to  be- 

long to  a  lower  horizon  than  the  beds  with  Labolithus  in  Bohemia, 

which  correspond  to  the  W  enlock  and  Ludlow  of  England,  or  than 
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the  Camarocrinus  beds  of  America,  corresponding  to  Etage  F  in 
Bohemia  or  the  Lower  Devonian,  and  to  be  more  closely  connected 

with  the  underlying  Naungkangyi  than  with  the  overlying  Zebingyi 

beds.1 
The  Nyaungbaw  Limestones  have  not  been  found  further  east 

Possible  representa-  tnan  tn^s>  unless,  as  ̂   possibly  the  case,  they 
tives  in  the  Eastern  are  represented  by  the  purple  band  at  the 

top  of  the  Naungkangyis  in  the  Nam-Tu 
valley,  and  by  the  upper  part  of  the  Hwe  Mawng  beds  in  the 
eastern  ranges.  Certainly  the  limestones,  which  form  a  part  of  the 

purple  zone,  resemble  them  very  closely  ;  and  in  the  far  east,  on 

the  Nam-hen  between  Pinghsai  and  Kehsi  Mansam,  and  again  on 

the  Nam-Pung,  a  tributary  of  the  Nam-Pang,  in  South  Hsenwi, 
there  are  some  limestones,  quite  at  the  top  of  the  Hwe  Mawng 
beds,  which,  as  far  as  lithological  appearance  goes,  are  identical. 

But  in  the  absence  of  any  direct  rjalseontological  evidence  of  iden- 

tity,— -for  neither  Camarocrinus,  nor  indeed  any  recognisable  fossil, 
except  crinoid  fragments,  have  been  found  in  these  eastern  beds, 

— their  correlation  with  the  Nyaungbaw  limestones  of  the  west  must 
remain  doubtful. 

*  Prof.  Sehuchert,  to  whom  I  submitted  the  manuscript  of  this  portion  of  my 
Memoir,  has  very  kindly  sent  me  some  notes  on  the  position  and  relationships  of 
Camarocrinus.  He  was  at  first  sceptical  as  to  the  stratigraphica!  horizon  attributed  by 
me  to  these  beds,  as  he  thought  t  hat  1  he  evidence  of  unconformity  between  the  Nyaung- 

baw and  Zebingyi  beds  was  not  convincing:  but  he  now  accepts  the  statement  that  the 
discovery  of  C.  asiaticus  in  the  limestones  to  the  north  of  Maymyo,  on  the  same  strike 
as  those  with  Diplotrypa  palinensis,  LinguJaci.  qvadrata,  and  Orthis  irravadica,  which 
was  not  known  to  him  r.t  the  time  that  his  criticism  of  Mr.  Cow  per  Reed's  Memoir  was 
written,  indicates  the  Ordovician  age  of  the  Nyaungbaw  Limestone.  He  still  thinks, 
however,  that  until  more  direct  evidence  of  the  association  of  Camarocrinus  with 
Scyphocrinue  is  forthcoming,  it  cannot  be  inferred  that  this  was  the  only  crinoid 
that  was  furnished  with  these  floats.  One  objection  to  the  supposition  that  these 
bodies  served  as  the  floats  of  crinoids  does  not  appear  to  have  been  noticed,  viz.,  the 
presence  of  pores  at  the  margin  of  each  plate  forming  the  test.    These  arc  not  shown 
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in  Mr.  Cowper  Reed's  figures,  but  are  clearly  visible  in  the  full-size  photographic  views of  the  fossil  reproduced  in  this  Memoir  (Plates  25  and  26).  These  pores  seem  to 
denote  that  the  interior  of  the  bulb  was  filled  with  living  tissue,  not  with  air  alone  ; 
otherwise  it  is  difficult  to  see  what  function  they  could  have  served  ;  and  indeed  they 
would  seem  to  be  the  last  characteristic  one  would  expect  to  find  in  an  organism 
intended  to  be  impervious  to  water  ;  for  even  if  they  were  sealed  by  a  membrane  of 
some  kind,  the  use  of  the  bulb  as  a  float  would  have  been  destroyed  by  the  least 
abrasion. 

From  a  sketch  by  the  author. 
Fro.  4.  The  Kyaukmu  Falls. 



CHAPTER  VII. 

SILURIAN  SYSTEM. 

The  local  names  given  to  the  formations  in  the  Northern  Shan 
States   belonging  to  the   Silurian  system  are 

the  following,  in  descending  order  : — 
f  Zebingyi  beds. 

Upper  Silurian  .  ■<  Upper  Namhsim,  or  Konghsa  Marls. 
(_  Lower  Namhsim  (Sandstones). 

Llandovery  .  Panghsa-pye  Graptolite  band. 
As  in  the  case  of  the  Ordovician  strata,  these  formations  are 

not  always  present,  one  of  them,  the  Zebingyi  beds,  being  of  ex- 
tremely local  development.  It  will  be  seen  in  the  sequel,  also, 

that  there  is  some  doubt  as  to  whether  this  formation  should  not 

be  included  with  the  Devonian  Plateau  Limestone  immediately 
overlying  it. 

Llandovery  Group. 

(Panghsa=pye  Graptolite  Band). 

Immediately  above  the  purple  shales  at  the  top  of  the  Upper  Naung- 
kangyi  beds  exposed  in  the  valley  of  the  Nam- 

Occurrence  and  char-    m        ,      ,     f     ,  .,      ,    ,      ■  ■  »  , 
actors.  iu>  a  band  of  white  snales  is  found,  containing 

graptolites  in  large  numbers.  This  band  has  not 

been  detected  anywhere  to  the  west  of  Panghsa-pye,  an  easily  accessible 

village  on  the  Nam-hsan  road  about  eight  miles  north-west  of  Hsipaw, 
though  the  purple  shales  have  been  traced  as  far  as  the  G-okteik 
gorge.  It  is  very  liable  to  erosion,  however,  on  account  of  its 
soft  character,  and  its  outcrop  is  apt  to  be  concealed  by  rainwash  ; 
and  it  is  therefore  possible  that  this  band  may  yet  be  found  to 

occur  in  that  direction.  Unfortunately  the  discovery  of  the  grap- 
tolites was  not  made,  by  Mr.  Coggin  Brown  and  myself,  until  after 

the  country  to  the  west  had  been  traversed,  and  it  has  been  found 

impossible  to  revisit  it ;  but  the  horizon  at  which  the  graptolite 
band  should  occur  is  so  well  marked  by  the  purple  shales  beneath 
that  there  should  be  no  difficulty  in  determining  whether  it  is 
present  or  not. 
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The  chief  interest  of  these  rocks  lies  in  the  fact  that  they 
, ,    .,  contain  the  only  fauna  of  undoubted  Lland- List  of  fossils.  .  . 

overy  age  that  has  yet  been  found  in  the 
East.  The  fossils  collected  from  them,  in  the  area  mentioned 

above,  have  been  provisionally  determined  as — 

Hydrozoa — 
Diplograptus  (Orthograptus)  vesiculosus  Nicholson. 

(Mesograptus)  modestus  Lap-worth. 
,,  (Glyptograptus)  cf.  persculptus  Salter. 

Climacograptus  medius  Tornquist. 

,,  Tornquisti  Elles  and  Wood. 
„  rectangularis  McCoy. 

Monograptus  tenuis  Portlock. 

„        gregarius  Lap-worth. 
„        cyphus  var.  minor  Lapworth. 

,,        concinnus  Lapworth. 
Rastrites  peregrinus,  Barrande. 

Anthozoa — 
Palceocyclus  (?)  sp. 

Brachiopoda — 
Orihis  (Dalmanella)  sp.  (aff.  elegantula  Dalman). 

„     aff.  hirnantensis  McCoy. 
Scenidium  aff.  Lewisi  Davidson. 

Orthothetes  aff.  pecten  Sowerby. 

StropJiomena  sp.  no  v. 
Rhynchonelloid  (genus  indet.). 
Plectambonites  (?)  sp.  nov. 

Mollusca— 
Holopea  sp. 

Arthropoda — 
Phacops  (Dalmanites)  sp.  nov.  (aff.  imbricatus  Angelin). 
Acidaspis  sp.  nov.  (aff.  quinquespinosa  Salter). 
Beyrichia  sp. 
Turrilepas  sp. 

A  fairly  clear  section  of  these  beds  is  exposed  at  Panghsa-pye 
(Loc.  65,  F  2),    at    the   base  of    a  precipi- 

Section  of  Panghsa-pye.  ,  ,         ,      ,      ,      *   .  >■ tous  sandstone  scarp,  formed  of  the  higher 

Silurian  rocks,  about  a  quarter  of  a  mile  south-east  of  the 
village.    The    strata   here   are  seen  to   be  conformable   to  each 
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other,  the  whole  dipping  to  the  south-east  at  about  30  degrees. 
The  band  containing  the  graptolites  consists  entirely  of  fine  whito 
shales,  and  is  of  no  great  thickness,  probably  not  more  than  50 

feet,  throughout  which  the  graptolites  seem  to  be  fairly  evenly 
distributed.  No  other  fossils  were  found  actually  associated  with 

the  graptolites,  but  just  below  the  horizon  in  which  they  are  most 
numerous,  and  a  few  feet  only  above  the  top  of  the  purple  beds 
a  stratum  of  yellow  sandy  shale  occurs  crowded  with  the  remains 
of  trilobites  of  more  than  one  species.  The  abundance  of  the 
remains  of  individuals  in  this  stratum,  although  it  is  not  more 

than  six  inches  thick,  is  astonishing ;  and  though  they  are  much 

broken  up,  the  minutest  details  of  their  structure  are  preserved. 

Immediately  beneath  this  is  a  layer  of  well  preserved  specimens  -of 
brachiopods,  probably  including  several  species,  but  neither  these 
nor  the  trilobites  have  yet  been  accurately  determined. 

The  fossils  from  this  locality  have  not  yet  been  described  in 
detail,  but  the  graptolites  have  been  examined 

Graptolites.  ^y  ]yjjgs  q.    jj<   Elles,   and  are  pronounced 
by  her  to  be  of  undoubted  Llandovery  age  ;  in  fact,  one  of  them, 
Diplograptus  (Orthograptus)  vesiculosus  Nich.,  is  one  of  the  zone 
fossils  of  the  Lower  Llandovery,  characteristic  of  the  middle  divi- 

sion of  the  Lower  Birkill  shales  of  Southern  Scotland.  The  other 

graptolites  are  Diplograptus  (Mesograptus)  modestus  Lapw.,  Clima- 
cograptus  medius  Tornq.,  C.  rectangularis  McCoy,  and  Monograptus 
tenuis  Portl.,  all  of  which  occur  in  the  zone  of  0.  vesiculosus  in 

Britain.  There  are  two  trilobites  in  the  layer 
at  the  base  of  the  graptolite  band,  a  new 

species  of  Phacops,  allied  to  Ph.  imbricaius  Ang.,  and  an  Acid- 
aspis,  which  is  interesting  as  the  only  species  of  this  genus  that 

has  yet  been  found  in  these  hills.  It  is  a.  small  trilobite,  and  the 
head  shields  alone  have  been  found,  but  it  is  fairly  common. 

The  brachiopods.  etc.,  mentioned  in  the  list  given  above  were  also 
collected  at  this  locality. 

In  the  valley  of  the  Nam-Tu,  north  of  Panghsa-pye,  the  grap- 

^  tolite  band  is  found  in  several  places,  both  at 
the  base  of  the  scarp  to  the  east  of  the 

river,  and  on  the  spurs  on  the  west  side,  at  the  base  of  the  out- 
liers of  Upper  Silurian  sandstone  which  occur  above  Tapok  and 

Ta-pangtawng  ferries.  On  the  east  bank  graptolites  were  found  on 
the  path  to  Lilu  ferry,  about  a  mile  below  the  crossing  (Loc.  59, 
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F  1),  but  in  a  very  soft,  decomposed  condition.  Better  preserved 

specimens,  in  large  numbers,  may  be  collected  at  the  village  of  Ngai- 
tao  (Loc.  64,  F  1),  on  the  spur  above  Ta-pangtawng.  The  most 
important  form  is  Monograptus  gregarius  Lapw.,  the  zone  fossil  of 
the  upper  division  of  the  Lower  Birkill  shales.  With  this  are 

associated  Rastrites  peregrinus  Barr.  and  Climacograptus  Tdrnquisti 
E.  and  W.,  which  are,  according  to  Miss  Elles,  also  characteristic 

of  the  zone  of  M.  gregar  ius.  Diplograptus  (Mesograptus)  modest  us 
and  Monograptus  cyphus  var.  minor  Lapw.  are  also  to  be  found 
here.  We  have  thus  two  well-defined  horizons  of  the  Lower 

Llandovery  represented  in  the  Nam-Tu  valley ;  but  it  remains  to 
be  seen  whether  they  are  actually  situated  on  two  distinct  strati- 
graphical  planes  in  this  area  ;  and  this  can  only  be  done  by 
careful  search  throughout  the  whole  thickness  of  the  beds  exposed 
in  each  section. 

Further  north  again,  beyond  the  limits  of  the  map,  graptolites 

were  found  by  Dr.  J.  M.  Maclaren  in  a  simi- Nam-pang-yun.  .  .        .T<  , 
lar  position  on  the  JNam-pang-yun,  about  a 

mile  above  its  conflux  with  the  Nam-Tu,  on  the  way  to  the 
Bawdwin  silver  mines.  Here  they  occur  in  a  black,  carbonaceous 

sandy  shale,  and  are  very  ill-preserved,  in  fact  only  just  recognisable 
as  graptolites. 

The  graptolite  band  is  met  with  again  among  the  hill  ranges  east  of 

the  plateau,  resting  upon  the  purple  Hwe-Mawng 
Occurrence    in   East-    beds.     In   the   Loi-len  range,  east  of  Lashio, 

em    Loi-len  range.  it  was  found  on  the  south  slope  of  the  ridge 
about  two  and-a-half  miles  E.N.E.  of  the  village  of  Pangme  (Loc.  66, 
HI)-  At  this  locality  the  graptolites  occur  not  only  at  the  top 
of  the  purple  beds,  but  also  in  some  white  shales  interbedded  with 
the  latter.  A  species  of  Climacograptus  is  the  most  common  form 
that  was  found  here,  but  time  did  not  allow  of  a  thorough  search 

being  made,  or  of  a  second  visit  to  the  locality.  Further  to  the 

south  the  graptolite  shales  have  not  been  detected  in  any  of 
the  sections  exposed  along  the  flanks  of  Loi  Ling,  or  among 

the  hills  east  of  Mong-Yai,  but  a  small  outcrop  was  found  at 

(  the  top  of  the  Hwe-Mawng   beds  forming  the 
dome-shaped  mass  of  hills  between    Loi  Ling 

and    Mong-keng,    close  to   the   small    village   of   Nam-hsim  (J  2) 
They  reappear,    however,    in    the    same    position    on    the  eastern 

flanks  of   the   Loi  Pan  range  in  Kehsi   Mansam,   between  Mong- 
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La  and  Ping-hsai,  and  may  be  collected  on  the  path  from  this 

place  to  Man-Shio,  just  above  the  village  of  Pangsam  (Loc.  67, 
H  4). 

About  a  mile  south  by  east  of  Ping-hsai,  in  the  gorge  of  the 
.,    ,_    _        southern  branch  of  the  Nam-Hen   (Loc.  68, East  side  of  Loi  Pan.       tt     rx  it.  i  i 

i±    o),  graptolites    occur    m    large  numbers, 
but    under    a    different    aspect,    for  the    beds    in   which  they 
are   found    here    are   highly   carbonaceous,    sandy  shales,  similar 

to  those  on  the  Nam-pang-yun,  with  lenticular    bands    of  coaly 
stuff  ;    they    occupy    the    same    position    with    regard    to  the 
purple  beds,  however,  as  at  other  localities,  and  according  to  Miss 
Elles,  the  fossils  are  a   characteristic  assemblage  from  the  upper 
part  of  the  zone  of  Orthograptus  vesiculosus,  that  is  to  say,  are 

almost  of  the  same  age  as  those  of  Panghsa-pye.     They  include, 
besides  0.  vesiculosus,  Monograptus  tenuis  Portl.,  M.  cyphus  var. 
Lapw.,   M.   concinnus   Lapw.,   Diplograptus  (Mesograptus)  modestus 
Lapw.,    D.    (Glyptograptus)  cf.    persculptus    Salter,  Climacograptm 
rectangularis  McCoy,  and  CI.  medius  Tornq.     No  other  fossils  were 
found  associated  with  these  graptolites. 

One  other  graptolite  locality  may  be  mentioned  here,  for  though 
it  undoubtedly  belongs  to  a  somewhat  higher 

Nam-Ha  valley.  ,      .  *  \.    '  ...  ,  ° horizon,  its  stratigrapnical  position,  so  tar  as 

can  be  seen,  corresponds  to  that  of  the  Panghsa-pye  band.  It  is 

exposed  in  a  cutting  on  the  path  from  Mong-Ha  to  Nawa,  in  the 
valley  of  the  Nam-Ha  among  the  hills  east  of  Mong-Yai,  close 
to  the  village  of  Kanlun  (Loc.  69,  I  3).  Two  species  of  grap- 

tolite were  found  here,  Monograptus  priodon,  the  well-known  Wen- 
lock  form,  and  a  species  of  Cyrtograptus,  which  is  also  a  distinc- 

tively upper  Silurian  genus.  Only  one  exposure  of  these  beds  was 
met  with,  and  their  exact  horizon  cannot  yet  be  determined. 

Lower  Namhsim  Stage. 

When  the  survey  of  the  Shan  plateau  was  taken  up  in  the  year 
1899,  the  first  portion  to  be  traversed  was 

na] reports.  immediately    adjacent  to  the  railway, 
then  in  course  of  construction,  and  the  cart 

road  from  Mandalay  to  Lashio,  and  it  so  happened  that  the  form 
ation  now  to  be  described  is  not  passed  through  by  either  of  these 
works,  while  time  did  not  admit  of  excursions  being  made  to  places 
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on  either  side  of  the  route  taken  :  neither  Mr.  Datta,  therefore,  or 

the  present  -writer,  who  carried  out  that  traverse,  became  aware 
of  the  existence  of  any  rocks  between  the  Naungkangyi  group  and 
what  were  then  named  by  us  the  Zebingyi  beds,  at  the  base  of  the 

Plateau  Limestone  or  '  Maymyo  beds  '  of  our  first  reports.  No 
mention  of  this  formation,  consequently,  appears  in  our  respective 
accounts  of  the  geology,  published  in  the  General  Report  of  the 

Geological  Survey  of  India,  1899-1900  (pp.  74,  122).  It  was  not 
until  the  next  field  season  that  I  discovered  a  patch  of  felspathic 
sandstones,  with  coarse  conglomerates  at  their  base,  on  the  crest  of 

the  Memauk  spur  overlooking  the  village  of  Aunglok  (Loc.  47,  B  4), 

at  the  extreme  edge  of  the  western  scarp,  and  found  in  the  sand- 
stones specimens  of  fossils,  which  I  recognised  as  belonging  to  the 

well-known  Silurian  genus  Orthonota,  with  fragments  of  trilobites. 
Later  on  in  the  same  season  I  found,  on  the  south  side  of  the 

gorge  of  the  Namhsim  at  Hkyawngtwang  (E  2),  about  13  miles 

above  its  conflux  with  the  Nam-Tu,  a  series  of  sandstones,  reaching 
a  thickness  of  over  1,200  feet,  intervening  between  the  purple  beds 

at  the  top  of  the  Naungkangyis  exposed  in  the  bed  of  the  river 
and  the  base  of  the  Plateau  Limestone  crowning  the  scarp.  To 
these  beds  I  gave  the  name  of  Namhsim  Sandstones,  and  afterwards 

found  that  in  the  Nam-Tu  valley  they  attain  a  thickness  of  at 
least  2,000  feet,  and  extend  for  a  long  distance  along  the  banks 
of  that  river. 

As  in  the  ca3e  of  the  Naungkangyi  group,  the  fossils  that  were 
collected  from  the  whole  of  the  Namhsim  forma- 

Two  divisions  rocog-    tion  were  sent  to  Mr.  Cowper  Reed  before  the 
stratigraphical  features  of  the  beds  had  been 

studied  in  detail,  and  it  was  not  until  his  Memoir  had  been  published  that 

it  was  found  that  at  least  two  fairly  well-marked  divisions  could  be  de- 
tected ;  one  consisting  of  the  Namhsim  Sandstones,  as  understood  at 

first,  now  described  as  the  lower  division,  and  the  other  of  a  much 

thinner  band  of  marly  beds  with  hard  limestones,  which  appeared  to 
have  a  close  connection  with  the  overlying  Zebingyi  beds,  and  was 

described  along  with  the  latter  in  my  report  on  the  first  traverse 

(Gen.  Rep.  1899-1900,  pp.  79,  88).    Since  that  report  was  written, 
however,  it  has  been  found  that  the  marly  beds  have  a  very  much 

wider  distribution  than  the  Zebingyi  graptolite-bearing  beds,  and 
that  their  association  with  the  Namhsim  Sandstones  is  equally  close. 

Moreover,  some  of  the  fossils  from  this  band  have  been  described 
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by  Mr.  Cowper  Reed  as  coming  from  the  Namhsim  formation,  and 
it  will  therefore  be  convenient  to  include  it  as  an  upper  division 
of  that  group. 

The  fossils  from  the  lower  division  of  the  Namhsim  formation, 

^    ,j  or  Namhsim  Sandstones,  are  the  following,  as 
determined  by  Mr.  Cowper  Reed  (Pal.  Indica, 

N.  S.,  Vol.  II,  Mem.  No.  3,  p.  90,  seq.).  New  species  are  printed  in 
heavier  type. 

Brachiopoda — ■ 
Mimulus  annglokensis  Reed. 
Orthis  sp. 

Mollusca — 1 
Orthonota  (?)  spectabilis  Reed, 

sp. 
Pycnomphalus  sp. 
OrtJioceras  aff.  tenuiannulatum  McCoy. 

Arthropoda — 
Illcenus  aff.  cem,idus  Salter. 

Proetus  sp.  a. 

„    sp.  /3. 
Encrinurus  konghsaensis  Reed. 

Calymene  Blumenbachi  Brongniart. 
Cheirurus  cf .  bimucronatus  Murchison. 

(?)  inexpectans  Reed. 
Phacops  (Dalmanites)  longicaudatus  Murch.  var.  nov.  orientalis 

Reed. 

This  list  is  not  a  long  one,  but  although  Severn  1  new  localities 
for  fossils  have  been  discovered  anions  these 

Litnological  characters.  ...  to 
rocks  since  it  was  compiled,  the  number  of 

species  has  not  been  increased ;  it  is  sufficient,  however,  to  enable  the 
age  of  the  formation  to  be  determined.  As  the  whole  of  the  beds 

are  of  a  sandy  nature,  sometimes  very  coarse  in  texture,  and 
elsewhere  fine  grained  and  compact,  hard  and  splintery,  it  is  not 
to  be  expected  that  they  would  be  very  prolific  in  organic  remains. 
Still,  in  a  few  places,  where  softer  fine-grained  layers  occur,  the 
number  of  individual  specimens  that  may  be  collected  is  consider- 

able. As  a  rule,  the  fossils  are  found  only  in  loose  blockb, 
either  weathered  out  on  the  surface  of  the  hill  slopes  or  in  the 
beds  of  streams  ;  and  as  there   are    no    quarries,    and    suoh  cliff K  2 
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sections  as  occur  are  generally  inaccessible  on  account  of  the  dense 

vegetation,  the  exact  horizon  from  which  the  fossils  have  been  derived 
can  very  seldom  be  ascertained. 

Starting  from  the  western  edge  of  the  plateau,  the  first  point  at 
which  these  beds  are  met  with  is  the  locality 

Outlier  on    Memauk   already  mentioned,  on  the  crest  of  the  Memauk 

spur'  spur,  overlooking  the  valley  of  the  Chaung- 
Magyi  at  Aunglok  (Loc.  47,  B  4).  The  occurrence  here  is  completely 
isolated,  the  sandstones  occupying  a  very  small  area  surrounded  by 
older  rocks,  on  which  they  rest  unconformably  (Section  II,  Plate  23). 
At  the  eastern  end  of  the  exposure  the  rocks  beneath  them  are  the 

upper  Naungkangyi  variegated  shales,  dipping  apparently  at  high 
angles,  but  at  the  western  end  these  are  absent,  and  the  Namhsims 

rest  directly  upon  the  much  older  rocks  of  the  Chaung-Magyi  series, 
also  highly  inclined.  At  the  extreme  western  end  of  the  ridge 

the  basement  beds  of  the  Namhsims  are  seen, 
Conglomerates  at  base.  .  , .  .  , 

consisting  ot  very  coarse  conglomerates,  m 

which  boulders  and  pebbles  of  the  Chaung-Magyi  quartzites  pre- 
dominate, mingled  with  a  few  from  the  crystalline  series  of  Mogok, 

which  is  in  situ  on  the  further  side  of  the  Chaung-Magyi  valley. 

The  conglomerates  pass  upwards  into  a  series  of  rather  coarse- 
grained, blue  and  purple,  felspathic  grits  and  sandstones,  in  the 

more  fine-grained  layers  of  which  the  fossils  occur.  The  horizon 
of  these,  therefore,  is  not  far  above  the  base 

of  the  series.  They  comprise  Mimulus  aung- 

lohensis  Reed  ;  Orthis  sp.  ;  Orthonota(1)  spectabilis  Reed ;  two  un- 
determined species  of  Proetus  ;  and  Cheirurus  (?)  inexpectans  Reed. 

Of  these  Mimulus  aunglokensis  occurs  in  considerable  numbers  ; 

the  genus  is  confined  to  the  Bohemian  area,  except  for  one  species, 
M.  waldronensts  Miller  and  Dyer,  from  the  Niagara  group  of  N. 
America.  In  Bohemia  it  occurs  in  Etage  E  2,  corresponding  to 

the  Wenlock  formation  in  England,  and  the  Bohemian  M.  con- 
trarius  Barr.  bears  a  considerable  resemblance  to  the  Burmese  form. 

The  Orthis  is  in  too  poor  a  state  of  preservation  for  specific  de- 
termination. The  genus  OrtJionota  is  characteristically  Silurian,  but 

species  have  been  described  both  from  Bala  and  Devonian  rocks. 
In  America  Ortlionota  s.  s.t  is  confined,  according  to  Hall,  to  the 
Hamilton  and  Chemung  groups,  or  middle  and  upper  Devonian,  but 

the  Burmese  species  bears  some  resemblance  to  Sanguinolites  (Or- 

tlionota) decifiens  McCoy,  from  the  upper    Ludlow.  Ill-preserved 
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casts  of  Orthonota  are  not  uncommon  at  other  localities  in  these 

sandstones,  though  they  are  so  imperfect  that  it  is  hopeless  to 
attempt  to  make  out  their  specific  characters.  Of  the  two  species 
of  Proetus,  both  of  which  are  very  imperfect,  the  one  designated 
a  by  Mr.  Cowper  Reed  bears  some  resemblance  to  the  Wenlock 
species  Pr.  Fletcheri  Salter,  while  sp.  f3  differs  from  this  in  having 
a  more  oval,  pointed,  and  deeply  lobed  glabella.  The  genus  has 
a  wide  range,  from  Ordovician  to  Devonian.  Regarding  Cheirurus 

inexpectans  Mr.  Reed  says  : — 

"  There  is  only  one  specimen  of  this  peculiar  little  trilobite.  Its  generic 
position  seems  to  be  in  Cheirurus.  The  very  forward  position  of  the  eyes 
and  of  the  first  lateral  furrows  of  the  glabella,  the  lobation  of  the  glabella, 
and  general  course  of  the  facial  sutures,  suggest  an  alliance  with  Ch.  vinculum 

Barr.,  but  the  latter  is  an  Ordovician  species."    (Op.  cit.,  p.  137.) 

It  is  somewhat  remarkable  that,  although  this  patch  ot  sand- 
stone occurs  close  to  the  line  of  cliffs 

t  ReLtionst  with  Pla"  bordering  the  western  edge  of  the  plateau, 
along  the  top  of  which  the  Plateau  Lime- 

stones are  found  extending  in  an  unbroken  line  from  north  to  south, 
no  trace  of  it  has  been  detected  at  the  base  of  these  limestones, 

which,  throughout  the  whole  distance,  appear  to  rest  directly  upon 
the  upper  Naungkangyi  beds.  The  sandstones  must  either  have 
been  deposited  over  a  very  limited  area  at  this  locality,  or  they 
must  have  been  subjected  to  denudation  before  the  limestones 
were  formed. 

The  Namhsim  Sandstones  next  appear  along  the  northern  edge 
of  the  plateau,  between  Kalagwe  and  the  valley 

p]Northem  edge  of  0f  ̂   Nam-panhse  at  Pa-mon.  They  are  not, 
however,  seen  actually  below  the  limestone  of  the 

plateau,  but  occur  as  outliers  on  the  spurs  of  the  hills,  formed  of  Chaung- 
Magyi  rocks,  immediately  to  the  north.  It  is  possible  that  their 

non-appearance  beneath  the  limestones  here  is  due  to  faulting  along 
the  base  of  the  hills,  but  it  may  also  be  caused  by  an  overlap  of 
the  limestones.  The  only  fossils  obtained  from  this  area,  on  the 

spur  north  of  Nainhsu-hka  and  south-east  of  Nan-yok  (C  2),  were 
poorly  preserved  casts  of  a  gastropod,  which  Mr.  Cowper  Reed 
considers,  with  some  hesitation,  to  be  a  Pyawmphalus,  comparable 
with  Trochus  helicites  Sowerby,  from  the  upper  Ludlow  and  lower 
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Devonian  of  England,  and  with  Pyc.  acutus  Lindstr.,  from  Gotland 
(Ludlow  formation).  Casts  of  this  gastropod  are  not  uncommon 
elsewhere  in  the  Namhsim  Sandstones. 

At  the  Gokteik  gorge  the  lower  Namhsims  do  not  appear  to  be 
represented  at  all,  the  poor  exposure  of  soft 
brown  sandstones,  between  the  88th  and  89th 

miles  on  the  cart  road  near  Pomaw  (D  3),  which  will  be  again 

referred  to,  belonging  to  the  upper  part  of  the  formation ;  but 

further  to  the  north,  in  the  angle  formed  by  the  Nam-Tang  north 
of   Makhinsuk,    they   occupy   a    considerable   area.     Fossils  were 
found  in  two  localities  in  this  area,  of  which  the  one  named  Manna 

2  (Loc.  49,  D  3)  in  Mr.  Cowper  Reed's  Memoir  (Op.  cit.,  p.  148) 
is  on  the  lower  Namhsims.    Pycnomphalus  sp. 
and  an  Orthoceras,  allied  to  0.  tenuiannulatum 

McCoy,   from   the   Ludlow   formation,   are   the  only   two  species 

described.    These  fossils,  as  well  as  the  Pycnomphalus  from  Namhsu- 
hka,  probably  come  from  a  fairly  high  horizon  in  the  formation. 

Higher  up  the  Nam-Tang,  on  the  right   bank  opposite  Namsaw, 
the  lower  Namhsims  are  well  developed,  form- Section  at  Namsaw.         .  .   .  ,   .       I     1    p    ,    T  •  1 
ing  precipitous  elms  several  hundred  feet  high 

overhanging  the  river,  and  running  across  the  boundary  of  the 

upper  Naungkangyi  shales  on  to  the  highly  disturbed  rocks  of  the 

Chaung-Magyi  series  forming  the  lofty  hills  to  the  north  and  west, 
across  which  the  cart  road  to  Mong-Long  is  carried.  From  Namsaw 
eastwards    the   sandstones   gradually   thicken  out,  and   occupy  a 

widely  increasing  area  as  far  as  the  valley  of 
North-easterly  extension.  '  ,      _         °  .  T1  .  ml  J. 

the  Nam-lu,  north  of  Hsipaw.  They  form 
the  greater  part  of  the  mass  of  low  hills  seen  in  the  foreground  to 
the  north  of  the  railway  between  Pyaunggaung  and  Kyaukme 
stations.  Hence  they  extend  up  to  and  beyond  Kiohsio  (N. 

(E  2) 3  to  the  north  of  which  village  they  form  a  line  of  pictur- 
esque pine-clad  cliffs,  backed  by  the  higher  peaks  of  Ponglong  in  the 

Tawngpener  State.    Here  again  they  overlap 
Outer  boundary.  xt        ,  •    i    -i  •  ,i 

the   JNaungkangyi    beds,    running    across  the 
boundary  of  the  latter  and  capping,  as  outliers,  the  higher  peaks 
in  the  neighbourhood.     Their  limits  can  be  distinguished  at  once 
by  the  lines  of  cliffs  that  they  form,  overhanging  the  more  gentle 

slopes  of  the  schistose  and  slaty  beds  of  the  Chaung-Magyi  series 
beneath  them.     This  overlap  is  continued  across  the  valley  of  the 
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Namhsim,  passing  to  the  west  of  Kunkaw,  and  then  northwards 
through  Hunang  and  Kunhawt  to  and  beyond  Tawngma  (F  1).  The 
boundary  with  the  older  rocks  is  deeply  eroded  and  exceedingly 
tortuous,  on  account  of  the  enormously  deep,  narrow  ravines  by 

which  the  whole  of  the  State  of  Tawngpeng  is  intersected.  Out- 
liers of  the  sandstones,  occupying  the  higher  points  of  the  hills, 

are   numerous.     The   boundary   is  sometimes 
Conglomerates     and    marked  by  beds  of  coarse  conglomerate,  con- grits  at  base.  ..         .  ...  -iiii  t 

sisting  of  water-worn  pebbles  and  boulders  ol 
the  Chaung-Magyi  quartzites.    Where  these  are  absent  the  lower 
beds  of  the  sandstone  series  are    usually  coarse-grained,  and  for 
some  distance  up  from  the  base  they  are  strongly  felspathic,  and 

generally  of  purplish  or  bluish  grey  colours,  like  the  Orthonota  beds 
on  the  Memauk  spur  described  above.     These  gradually  become 

less   felspathic,   passing   into   fine-grained,   brown  sandstones,  with 

layers  of  a   hard,    white,    very   fine-grained    quartzose  sandstone. 
Fossils  are  somewhat  rare,  but  occasionally  the  cast  of  an  Orthonota 
or  a  fragment  of  a  trilobite  may  be  found. 

The  inner  boundary  of  the  sandstone  series  is  always  easily 

j    rb   ̂   discernible,  on  account  of  the  contrast  with 
the  overlying  Plateau  Limestone,  beneath  which 

the  sandstones  usually  form  well  marked  and  precipitous  scarps. 
It  is  to  be  noted,  however,  that  where  the  existing  drainage  has  cut 

down  to  the  base  of  the  sandstones,  and  has  exposed  their  plane  of  con- 
tact with  the  underlying  Naungkangyi  group,  the  basement  beds  are 

very  different  from  those  just  described,  along  the  outer  boundary. 
There  are  no  conglomerates,  or  even  traces  of  a  coarsening  of  the 

sandstones  as  the  base  is  approached,  and  wherever  a  fairly  clear 

section  is  obtainable,  as  on  the  Panghsa-pye  saddle,  on  both  sides 

of  the  Nam-non  ravine,  and  in  the  gorge  of  the  Nam-Tu,  the  fine- 
grained sandstones  are  seen  to  rest  with  apparent  conformity  upon 

the  graptolite  beds  beneath  them.  The  absence  of  the  latter,  how- 
ever, in  some  places  where  they  ought  to  occur,  as  in  the  deep  gorge 

of  the  Namhsim  at  Hkyawngtawng,  seems  to  show  that  there  may 

have  been  some  erosion  of  the  underlying  beds  before  the  sand- 
stones were  deposited,  and  that  consequently  there  may  be  a  slight 

amount  of  unconformity.  In  any  case  it  is  evident  that  the  sand- 
stones were  deposited  in  a  sea  shallowing  rapidly  towards  the  north, 

and  that  at  this  time  the  older  rocks  of  the  Chaung-Magyi  series  formed 
a  land  area  in  that  direction. 



136     LATOUCHE:   GEOLOGY  OF  NORTHERN  SHAN  STATES. 

A  traverse  across  the  valley  of  the  Nam-Tu  from  east  to  west, 
t  ..        t.  in  the  neighbourhood  of  Lilu,  brings  to  light 
Lilu  overthrust    (Sec-  &         .  .  '  °  6 

tion  IV,  Plate  23,  and  one  of  the  most  interesting  structural  features  of 
Plate  22).  ^  geology  of  this  region,  which  has  been  alluded 
to  before  (p.  55),  but  a  full  account  of  which  I  have  kept  back  until 
I  had  reached  the  description  of  the  Namhsim  Sandstones,  since  these 

rocks  have  played  a  conspicuous  part  in  elucidating  the  structure 
referred  to.  Descending  from  Nammo  village  (F  1),  at  the  edge  of  the 

fairly  level  plateau  extending  northwards  from  Hkawnghsa,  on  the 
east  side  of  the  gorge,  we  first  climb  down  a  precipitous  scarp  formed 
of  the  Namhsim  Sandstones,  which  here  attain  a  thickness  of  about 

2,000  feet.  Near  the  base  of  the  scarp  we  come  upon  the  grap- 
tolite  band  of  Panghsa-pye, — -which  is  not  well  exposed,  but  may  be 
found  on  the  path  leading  along  the  edge  of  the  river  about  a  mile  south 

of  Lilu  ferry  (Loc.  59), — and  beneath  this  the  purple  band,  which 
has  been  traced  at  intervals  along  the  river  bank  as  far  north  as  Ta- 
pangtawng  ferry.  All  these  beds  dip  to  the  east  at  an  angle  of 
about  30  degrees.  In  the  bed  of  the  river,  at  and  just  above  Lilu,  some 
strong  bands  of  limestone  are  exposed,  and  immediately  beneath  these 

the  variegated  shales  of  the  upper  Naungkangyis,  also  dipping  in 
the  same  direction,  and  forming  a  dip  slope  on  the  western  bank 
extending  up  the  spurs  on  either  side  of  the  deep  ravine  which  joins 

the  gorge  of  the  Nam-Tu  at  this  point.  If  now  we  ascend  the  spur  on 
the  southern  side  of  the  ravine,  instead  of  finding  a  regularly 

descending  section  through  the  lower  Naungkangyis  to  the  Chaung- 
Magyi  rocks  of  the  hills  beyond,  we  pass  directly,  after  surmounting 
the  first  steep  rise,  on  to  sandstones  exactly  similar  to  those  forming 

the  scarp  on  the  eastern  bank,  and  dipping  steeply  to  the  east  at  angles 

of  60°  or  more,  while  these  sandstones  are  found  to  contain  speci- 
mens of  Orthonota,  etc.,  and  therefore  belong  to  the  Namhsim  form- 

ation. Continuing  along  the  spur  to  the  peak,  6,019  feet,  im- 
mediately south  of  Tawngma,  the  dips  again  flatten  out,  and  the 

sandstones,  here  very  coarse  and  felspathic,  are  seen  resting  directly 

upon  the  Chaung-Magyi  rocks,  on  the  western  slopes  of  the  Tawng- 
ma peak,  the  Naungkangyis  being  entirely  absent.  At  first  it  seemed 

as  if  the  structure  might  be  explained  by  simple  overlap  of  the 
Naungkangyis  by  the  sandstones,  but  the  high  dips  at  the  crest 
of  the  spur  could  not  be  accounted  for  in  this  way ;  moreover, 
there  is  no  question  but  that  the  sandstones  do  actually  dip  beneath  the 
Naungkangyi   beds.     The   true   explanation   is,   I   think,  revealed 
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if  we  follow  up  the  section  in  the  Lilu  ravine,  instead  of  ascend- 
ing the  spur.  Here  the  variegated  Naungkangyi  shales  are  succeeded 

normally,  about  a  mile  above  the  village,  by  the  Orthis  and  Rafines- 
quina  beds  of  the  lower  Naungkangyis,  with  a  higher  easterly  dip 
than  at  Lilu  itself.  But  a  little  further  on,  at  the  entrance  to 

a  narrow  gorge  just  above  the  small  village  of  Napeng,  we  come 
upon  the  sandstones,  which  were  seen  on  the  spur  above,  dipping  at  an 

angle  of  60°  beneath  the  Naungkangyis.  It  seems  then  that  what  we 
have  here  is  in  the  first  place  an  overlap  by  the  Namhsim  Sand- 

stones of  the  Naungkangyis,  subsequently  dislocated  by  an  over- 
thrust  fault  or  fold  parallel  to  the  river,  the  beds  having  given  way 
along  the  comparatively  soft  layers  of  the  Naungkangyi  shales,  under 
the  stress  of  an  impulse  acting  from  the  east,  and  been  driven  up 
over  the  hard  sandstone  strata.  The  cause  of  such  a  dislocation 

having  taken  place  along  this  particular  line  is  perhaps  to  be  found 

in  the  existence,  only  a  short  distance  to  the  west,  of  the  unyield- 

ing mass  of  the  older  Chaung-Magyi  rocks,  forming  the  old  land  area 
of  Tawngpeng.  The  fault  plane  runs  almost  due  north  and  south, 

and  has  been  traced  from  the  Panghsa-pye  saddle,  where  it  passes  a 
short  distance  to  the  west  of  the  village,  into  the  Bawdwin  area  to  the 

north,  beyond  the  limits  of  the  map,  where  the  disturbance  of  the 
rocks  caused  by  it  has,  no  doubt,  facilitated  the  impregnation  of 
the  strata  with  the  mineral  ores  for  which  that  locality  is  famous. 

A  short  distance  to  the  south  of  Panghsa-pye  the  fault  dies  out, 
no  definite  signs  of  its  presence  having  been 

Southern  termination     j  ,        j  ,1  •  n        <•    ,1  -kT' 
of  the  fault.  detected  on  the  south  side  of  the  Nam-sam 

valley.  This  fact  is  in  accordance  with  the 

supposition  that  (he  locus  of  the  fault  was  determined  by  the 
presence  of  the  old  land  area  ;  for  on  the  latitude  of  Panghsa-pye 
the  bolder  of  this  area  changes  its  direction,  and  trends  away  to 

the  west,  so  that  the  'anvil  '  effect  of  this  unyielding  mass  of  rock 
was  not  felt  to  the  south  of  that  neighbourhood. 

Several  outliers  of  the  Namhsim  Sandstones  occur  on  the  eastern 
side  of  the  overthrust,  on  the  spurs  running 

SutdataS  °f  N"mhsim  down  t0  the  western  bank  of  the  Nam-Tu, 
forming  conspicuous  knolls  or  ridges,  with 

steeply  scarped  sides.  The  largest  of  these  is  on  the  Man-wing— 
Man-ping  spur,^  just  above  these  villages  (Plate  22)  ;  another  is  found 
between  Ngai-tao  and  Manglang  on  the  next  spur  to  the  north ; 
a  third  surrounds  the  village  of  Pangtawng,  and  a  fourth  occurs 
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on  the  spur  to  the  north  of  this  village.  At  the  base  of  each  the 

purple  band  is  exposed,  and  in  that  of  Ngai-tao  there  is  a  good 
exposure  of  the  graptolite  beds,  as  already  mentioned  (p.  128). 

Fossils  have  been  collected  from  the  Namhsim  Sandstones  east  of 

sillo  the  Nam-Tang   at   the   following   localities: — ■ 
Above  the  crest  of  the  cliffs  overhanging  Kiohsio 

(N),  on  the  path  to  Ponglong  (Loc.  53,  E  2),  a  specimen  of  Gonio- 
phora  (?)  asiatica  Reed,  a  new  species  of  a  genus  ranging  in  America 

from  the  Trenton  limestone  to  the  Chemung  group  (Caradoc  to  Devo- 
nian), was  found,  together  with  badly  preserved  specimens  of  Orthonota, 

Orthoceras,  and  fragments  of  Encrinurus.  A  single  specimen  of  a  variety 

of  an  upper  Llandovery  form,  Lingula  crumena  Phillips,  named  bir- 
manica  by  Mr.  Cowper  Reed,  was  found  close  to  the  base  of  the 
formation  at  Hkyawngtawng  (Loc.  50,  E  2),  on  the  Namhsim,  in 
a  tough  brown  sandstone,  and  a  species  of  Orthonota  somewhat 

higher  up,  on  the  path  from  Nammang  to  Ponglong  (Loc.  51,  E  2). 
This  resembles  Cypricardia  {Orthonota)  solenoides  Sow.,  from  the 
lower  Ludlow.  On  the  northern  side  of  the  peak  marked  5,065 

feet,  on  the  path  from  Htangsang  to  Man-tang  (Loc.  57,  E  2),  be- 
tween the  Nam-non  and  Nam-sam  valleys,  I  found  a  large  number 

of  specimens  of  Illcenus  sp.  nov.  aff.  cemulus  Salter,  with  fragments 
of  other  trilobites,  in  loose  blocks  of  soft  brown  sandstone,  and  similar 

specimens  of  Illcenus  were  also  collected  from  the  talus  at  the  foot  of 

the  scarp  opposite  Lilu,  on  the  Nam-Tu  (Loc.  59,  P  1).  The 

fossils  described  by  Mr.  Cowper  Reed  as  from  Panghsa-pye  were 
collected  by  Dr.  G.  E.  Pilgrim  from  near  the  base  cf  the  sand- 

stones at  the  eastern  end  of  the  Panghsa-pye  saddle,  where  they 
rise  above  it  to  form  a  scarp  overlooking  the  village  (Loc.  65,  F  2). 

This  locality  has  produced  three  trilobites  : — Illcenus  aff.  cemulus  Salter, 
a  Llandovery  species  ranging  from  the  Ordovician  into  the  lower  beds 

of  the  Silurian  ;  Calymene  Blumenbachi  Brongn.,  a  very  well-known 
and  characteristic  Silurian  species,  represented  by  three  fairly  well  pre- 

served head  shields  ;  and  Phacops  (Dalmanites)  longicaudatus  Murch. 
var.  orientalis  Reed,  a  variety  of  another  very  characteristic  Silurian 
species,  differing  only  from  the  type  in  having  the  eyes  relatively 
larger,  and  fewer  pleurae  in  the  pygidium.  This  trilobite  has  since  been 

found  also  at  the  Lilu  and  Man-tang  localities  mentioned  above. 
The  Namhsim  Sandstones   have   not  been  found  at   all  among 

Mbsent  in  Eastern  ̂ he  Eastern  Ranges,  either  because  they  have  been 
Ranges.  overlapped   by   the    Plateau    Limestone,  and 
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denudation  has  not  proceeded  far  enough  to  expose  them,  or,  as 

in  my  opinion  is  the  more  probable  explanation,  because  this 
portion  of  the  sea  floor  was  so  remote  from  the  coast  of  that 
period  that  the  sandy  beds  were  not  deposited.  I  am  the  more 
inclined  to  adopt  this  view,  because  the  marly,  upper  Namhsim 
beds  are  to  be  found  in  most  parts  of  this  area,  and  in  places 

like  the  Loi-len  range,  where  the  covering  of  limestone  has  been 
stripped  off  over  a  very  large  extent  of  country,  there  is  no  sign 
of  any  thick  bed  of  sandstone  ever  having  been  present  beneath  it. 

Upper  Namhsim  Stage  (Konghsa  Marls). 

In  places  where  the  Namhsim  Sandstones  are   well  represented, 

as    in    the   gorge    of    the    Nam-Tu   north  of 
Lithological     charac-    Hsipaw,  and  in  that  of  the  Namhsim  above  its ters   and  mode  of  depo-  n         .  .    .     .  .  ,  .        .  , 
sition.  conflux  with  the  former  river,  they  are  found  to  be 
followed  conformably  by  a  band  of  sandy  marls  with  layers  or  lenticular 
inclusions  of  very  hard  and  compact  limestone.  These  beds,  though 
of  no  great  thickness,  have  been  found  over  a  very  wide  area,  extending 
far  beyond  the  limits  of  the  lower  part  of  the  formation.  The  reason 
for  this  comparatively  wide  extension  of  the  marls  appears  to 

be,  not  that  they  were  deposited  in  a  sea  basin  gradually  increas- 
ing in  area,  by  subsidence  of  its  shores,  but  that  the  sandstones 

beneath  were  laid  down  only  in  the  neighbourhood  of  the  coast. 
The  marly  beds,  therefore,  in  localities  where  the  sandstones  are 
not  represented,  may  be  partly  contemporaneous  with  the  latter, 
that  is  to  say,  that  while  the  sandstones  were  being  laid  down 
along  the  coast  line,  the  marls  were  already  being  accumulated 
further  out  to  sea,  but  naturally  at  a  slower  rate  ;  and  I  think  that 

this  hypothesis  is  borne  out  by  the  pala;ontological  evidence, 
which,  as  we  shall  see,  does  not  indicate  in  any  way  whatever 

that  the  two  classes  of  deposits  were  laid  down  at  distinct  periods 
of  time. 

At  several  localities  these  beds  are  found  to  be  richly  fossili- 
_ .  ferous,  and  in  spite  of  their  small  thickness 
List  of  fossils.  K 

as  compared  with  the  sandstones,  they  have 
yielded  a  much  larger  number  of  species  than  the  latter.  The 

collections  already  made,  and  described  by  Mr.  Cowper  Reed  in  his 
Memoir  on  the  lower  Palaeozoic  fossils  of  the  N.  Shan  States,  com- 

prise the  following  species  : — 
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Actinozoa — 

Lindstramia  sp. 

Bryozoa — 
FenesteUa  sp. 

Brachiopoda — 

Lingula  Lewisi  (?)  Sow. 
Leptcena  rhomboidalis  Wilckens. 

Stroplwmena{1)  corrugateUa  Davidson  var. 
Orthothetes  pecten  Linne. 
Orthis  rustica  Sow. 

,}     (Bilobites)  biloba  Linne. 
(Dalmanella)  elegant ula  Dalman. 

„     (Platystrophia)  biforata  Schlotheim. 
Pentamerus  cf.  oblongus  Sow. 

„  (SiebereUa)  cf.  galeatus  Dalman. 
Conchidium  cf.  biloculare  Linne. 

Atrypa  reticularis  Linne. 

Glassia  cf.  compressa('t)  Sow. 
Spirifer  cf.  radiatus  Sow. 

sulcatus  Hisinger. 

Rh'jncliospira  (Hom&ospira)  Baylei^i)  Davidson. 
Nucleospira  pisum{l)  Sow. 
MeristeUa  (?)  sp. 

Mollusca — ■ 

Pterinea  konghsaensis  Reed. 
Conularia  sp. 
Orthoceras  aff.  S icholianum  Blake. 

Arthropoda — 

*  Encrinurus  konghsaensis  Reed. 

*  Calymene  Elumenbachi  Brongn. 
*  Cheiruru-s  cf.  bimucronatus  Murch. 

Phacops  shanensis  Reed. 

Annelida — 

Traehyderma  cf.  squamosa  Phillips.1 

*  Occur  also  in  the  lower  Narnhsims. 

1  No  additions  have  been  made  to  this  liat  by  more  recent  work. 
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The  most  striking  feature  about  this  list  is  the  large  number 
of  species  !\ that  have  already  been  described, 

Paucity  of  new  species.  49  ■      .  ,  .  .  . 
or  are  soj  closely  allied  to  known  lorms  that 

they  do  not  require  new  names.  Among  the  24  determinable  species 
Mr.  Cowper  Reed  has  found  it  necessary  to  give  names  to  only 

three,  whereas  of  the  nine  determinable  species  of  the  lower  Namh- 
sims  four,  or  nearly  half,  were  new.  This  greater  similarity,  how- 

ever, in  the  fauna  of  the  upper  Namhsims  to  that  of  the  Silurian  fauna 
of  other  regions  is  perhaps  more  apparent  than  real,  and  may 
be  due  merely  to  a  greater  similarity  of  environment  in  the  case  of 

the  upper  beds,  since  these  correspond  more  closely  in  lithological 
character  to  the  calcareous  beds  of  the  Silurians  of  Europe. 

The  upper  Namhsim  beds  have  not  been  found  close  to  the 
western  edge  of  the  plateau,  but  make  their  first 

Distribution  :    West-    appearance  along  the  crest  of  the  Pyintha  ridge, ern  edge  of  Plateau.  rr  °  _  J  0  ' 
the  second  considerable  rise  on  the  way  from  the 

plains  up  to  Maymyo.  They  may  be  present  at  the  base  of  this  ridge, 
about  a  mile  east  of  Zebingyi  station  (Loc.  39,  B  5),  where  an  outcrop 
of  the  Zebingyi  beds  with  graptolites  is  exposed  in  a  low  cutting, 
resting  on  some  marly  beds  containing  Orthoceras  and  the  pygidia 
of  Phacops  shanensis,  but  the  ground  between  this  cutting  and 
the  base  of  the  ridge  is  so  overgrown  with  vegetation  that  nothing 
more  can  be  seen  of  the  rocks.  At  the  top  of  the  ridge  the  marls 

are  exposed  on  the  cart  road  in  a  dip  at  the  32nd  mile  just  before 
reaching  the  village  of  Kyinganaing  (Loc.  43,  B  5).  Here  the 
only  fossil  found  is  the  trilobite  Phacops  shanensis  Reed,  but  it 
occurs  in  large  numbers,  and  though  the  rock,  a  bright  yellow 

marl,  is  exceedingly  soft,  the  specimens,  when  first  broken  open, 
are  quite  well  preserved,  though  the  details  are  apt  to  be  quickly 
rubbed  off.  The  species  belongs,  according  to  Mr.  Cowper  Reed, 
to  Phacops  sens,  str.,  which  is  characteristic  of  the  Devonian,  but 
also  occurs  in  the  Silurian.  A  variety  of  Ph.  fecundus  Ban.,  from 

the  '  Hercynkalke'  of  the  Harz,  is  perhaps  identical  with  this  species. 
The  pygidia  of  the  same  species  are  rather  common  in  the  cutting 
east  of  Zebingyi  station  mentioned  above,  and  in  a  small  exposure 
in  a  watercourse  at  the  side  of  the  cart  road  about  a  mile  west  of 

Pyintha,  just  at  the  crest  of  the  ridge. 

Further  on  the  marls  have  not  been  detected  for  a  very  long  dis- 
tance, probably  because  they  are  so  apt  to  be  erod- 

Plateau!ern    °<lg"    °f    °^  anc*  concea'ed  hy  surface  wash  and  vegetation. 
The  next  place  at  which  they  are  known  to  occur 
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is  at  the  northern  edge  of  the  plateau,  a  little  to  the  north  of  Pangyu 
(Loc.  46,  C  3),  where  they  form  several  low  hills  just  outside  the 
boundary  of  the  Plateau  Limestone.  The  beds  here  consist  of 

hard,  blue,  compact  limestones  weathering  into  a  soft,  rotten,  sandy 
marl,    in    which    a    few    fossils    were  found. 

These  included  two  species  of  Orthoceras,  one 

of  which  is  indeterminable,  and  the  other  is  allied  to  0.  Nichol- 
ianum  Blake,  an  upper  Silurian  form,  and  a  single  specimen  of 
an  Annelid,  comparable  with  Trachyderma  squamosa  Phillips,  from 
the  upper  Ludlow  beds. 

In  the  Gokteik  gorge  the  upper  Namhsim  beds  are  very  poorly 

Gokteik  or  e  represented,    only    one   small   outcrop  having been  discovered,  on  the  cart  road  leading  up 

from  Chaungzon  to  the  plateau  on  the  east  side,  between  the  88th 
and  89th  mile  posts;  near  the  village  of  Pomaw  (Loc.  48,  D  3). 

The  rock  here  is  a  soft,  rotten,  brown  sand  rock,  probably  repre- 
senting the  residue  of  a  decomposed  limestone,  and  the  fossils  are 

as  usual  in  a  very  friable  condition.  Numerous  specimens  of  a 

Lindstrcemia,  resembling  L.  (Petraia)  suhduplicata  McCoy,  from  the 
Llandovery  beds  of  the  British  Isles,  were  collected  here,  and  a 
new  species  of  Encpinurus,  E.  konghsaensis  Reed,  which  has  also 
been  found  at  several  other  localities  in  these  beds.  It  occurs 

further  to  the  north,  for  instance,  at  the  head  of  the  descent  on 

the  path  from  Makhinsuk  to  the  Nam-Tang  at  Manna  (Manna  1 

of  Mr.  Cowper  Reed's  Memoir,  p.  148),  (Loc.  49,  D  3)  with  frag- 
ments of  another  trilobite,  Cheirurus  cf.  bimucronatus  Murchison,  a 

typical  Wenlock  form.  These  beds  have  not  been  found  higher 

up  the  Nam-Tang,  but  in  the  north-south  reach  of  the  river  south 
of  Namsaw  they  are  almost  certainly  cut  out  by  a  fault. 

A  very  richly  fossiliferous  outcrop  of  these  beds  occurs  close  to 
the  village  of  Konghsa,  in  a  cutting  on  the 

railway  about  a  mile  west  of  Kyaukme  sta- 
tion (Loc.  55,  E  2).  The  rock  here  is  a  soft  yellow  marl,  similar 

to  that  of  Kyinganaing,  and  the  fossils  are  in  the  same  friable 
condition,  but  in  much  greater  variety  and  very  numerous.  The 

collection  includes  : — Detached  rings  of  crinoid  stems,  some  of  large 
size,  and  often  hardened  by  an  infiltration  of  iron  oxide  ;  a  species 

of  Fencstella,  consisting  of — 

"  A  subeircular,  slightly  crateriform,  reticulata  expansion  ....  composed 
of  straight*    frequently  bifurcating  branches  which  radiate  from   the  central 
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point    of    attachment  connected    together    by    somewhat  more 
slender  dissepiments,  thus  forming  the  fenestrules,  which  are  oblong  in  shape 

and  about  twice  as  long  as  wide."    (Op.  cit.,  p.  95,  PI.  VI,  figs.  1,  la.) 

This  fossil  is  very  common  here,  several  specimens  occuriing  on 

the  same  slab  of  rock.  The  brachiopoda  comprise  : — Lingula  Lewisi  (?) 
Sowerby,  a  Wenlock  and  Ludlow  form  in  England ;  Strophomena 
corrugatella  Davidson,  var.,  a  species  which  is  chiefly  Ordovician, 
though  it  has  been  recorded  from  the  Llandovery  of  Ayrshire. 
The  ornamentation  also  resembles  that  of  Leptcena  (Str.)  twbilis 

McCoy,  from  the  middle  Devonian,  and  of  Str.  (  )  St-phani  Barrande, 
from  Etasje  Ff  2  (upper  Ludlow)  in  Bohemia  ;  Orthis  (Platystrophia) 

hilorata  Schlotheim,  a  species  having  a  very  wide  range,  extending 
from  the  Llandeilo  to  Wenlock  beds  in  Northern  Europe  ;  Orthis 
(Dalmanites)  eleganlula  Dalman,  a  species  which  also  ranges  from 
Ordovician  to  Silurian,  and  is  common  in  the  Naungkangyi  beds. 
There  is  also  a  single  lamellibranch,  Pterinea  fconghsaensis,  a  new 

species  having  a  considerable  resemblance  to  Pt.  Mans  McCoy, 
from  the  Aymestry  Limestone ;  a  species  of  Conularia  of  which 
only  a  single  fragment  was  found,  somewhat  similar  to  the  Silurian 

species  C.  guadrisulcata  Sowerby  ;  and  lastly,  a  new  species  of  tri- 

lobite,  Encrinurus  konghsaensis,  resembling  in  some  respects  E.  punc- 

fatus  Briinnich,  a  well-known  Silurian  species.  This  species,  as  we 
have  seen,  has  been  found  at  other  localities  in  these  beds,  as  well  as 
in  the  sandstones  below. 

About  six  miles  to  the  north  of  this  locality,  at  the  crest  of 
„    .,  „  the  descent  to  the  Namhsim,  a  mile  and  a 
Fossils,  Manaw.  ,      .    .  ... 

quarter  north  of  the  village  ot  Manaw,  another 

rich  assemblage  of  fossils  was  found,  in  a  layer  of  pinkish,  rather 

coarse-grained  sandstone,  not  more  than  6  inches  thick,  intercalated 
with  somewhat  shaly,  purple  and  red  sandstone  (Loc.  52,  E  2). 
The  horizon  of  the  fossiliferous  band  is  probably  rather  lower  in 

the  series  than  the  Konghsa  beds,  but  as  the  ground  for  a  long 
distance  on  either  side  of  the  outcrop  is  covered  with  surface  soil 
and  vegetation,  the  exact  position  could  not  be  ascertained.  The  fossili- 

ferous band  was  evidently  at  one  time  impregnated  with  calcareous 
matter,  but  this  has  all  been  leached  out,  leaving  the  rock  in  a 

somewhat  porous  condition,  and  the  fossils  are  all  casts.  They 
include  numerous  detached  rings  of  crinoid  stems,  some  of  large 
size  ;  Leptcena  rhomboidalis  Wilckens,  a  common  and  widely  ranging 
Ordovician  and  Silurian  species,  known  from  Europe,  America  and 
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Australia  ;  Orthothetes  (Strophomena)  pecien  Linne,  ranging  in  Europe 

from  Llandovery  to  Wenlock  ;  Orthis  rustica  Sowerby,  a  well-known 
Wenlock  species  ;  Orthis  (Bilobites)  biloba  Linne,  the  most  common 

form  at  this  locality,  whole  slabs  of  the  rock  being  crowded  with  them  : 
the  species  ranges  from  Bala  to  Ludlow,  and  is  especially  common  in 

the  Wenlock  shales  ;  the  ubiquitous  0.  (Dalmanites)  elegantula  ;  Penta- 
merus  cf.  oblongus  Sowerby,  comparable  with  the  well-known 
Llandovery  form,  also  occurring  in  the  Niagara  (Wenlock)  group 
of  America ;  and  P.  (Sieberella)  cf.  galeatus  Dalman,  resembling 
some  of  the  examples  from  the  Wenlock  limestone  and  shale  figured 

by  Davidson1 ;  Conchidium  cf.  biloculare  Linne,  resembling,  though 
poorly  preserved,  this  Silurian  species  from  Gotland ;  Atrypa  reti- 

cularis Linne,  a  very  common  Silurian  and  Devonian  species,  also 
known  from  China,  remarkable  for  its  wide  vertical  range  and 

geographical  distribution,  and  represented  here  by  both  internal  and 
external  casts ;  Spirifer  cf.  radiatus  Sowerby,  a  common  fossil  in 
the  Wenlock  limestone  of  Dudley,  and  Sp.  sulcatus  Hisinger,  a 

typical  Wenlock  species  ;  Glassia  cf.  compressa  Sowerby,  also  a 
typical  Wenlock  and  Ludlow  form,  but  the  Manaw  specimen  is 

identified  with  much  hesitation  by  Mr.  Cowper  Reed  with  Sowerby' s 
species;  Rhynchospira  (Homceospira)  Baylei  (?)  Davidson,  a  common 
form  in  the  Wenlock  limestone,  represented  by  only  one  external 
cast ;  Nucleospira  pisum(l)  Sowerby,  a  characteristic  Wenlock  species, 

from  which  the  specimen  found  at  Manaw  seems  to  be  indis- 
tinguishable ;  and  finally  a  species  of  MeristeUa,  referred  with  some 

hesitation  to  this  genus,  and  bearing  some  resemblance  to  M. 
Marlareni  Haswell,  from  the  Ludlow  beds  of  the  Pentland  hills, 

or  to  M.  (Whitficldella)  didyma  Dalman,  which  ranges  from  the 
Llandovery  to  Ludlow. 

It  will  be  noticed  that  not  one  of  the  species  enumerated  above 
from  Kongsha  and  from  Manaw  are  common 

Comparison  ofKongh-    tQ  th    t      localities,  except  Orthis  elegantula; sa    with  Manaw  fauna.  r 
also  that  of  the  15  species  from  Manaw  no 

less  than  14,  either  identical  or  very  closely  related,  are  found  elsewhere 
in  the  Wenlock  formation,  and  that  7  of  these  are  characteristic 

of  that  formation  ;  while,  of  the  10  species  from  Konghsa,  only  4 
or  5  are  recorded  from  Wenlock  beds,  and  not  one  is  a  typieul 
form.  At,  the  same  time  the  stratigraphical  evidence  is  entirely 

against  there  being  any  great  difference  in  the  relative  horizons  of 

1  Brit.  Foss.  Braohiopoda,  PI.  XV,  figs.  17,  18. 
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the  outcrops  at  the  two  localities,  and  the  discrepancies  can  only 
be  accounted  for  by  local  variation  in  environment.  This  is  also 

indicated  by  the  apparently  very  restricted  distribution  of  the  Manaw 
fauna,  which  has  been  met  with  only  in  this  one  locality,  and  by  the 
very  small  thickness  of  the  layer  in  which  this  fauna  is  contained.  But 

it  is  easy  to  see  how  such  a  thin  band  of  rock  might  escape  de- 
tection in  a  district  where  the  rocks  are  so  concealed  by  super- 

ficial deposits  as  they  are  on  the  Shan  plateau,  and  such  a  dis- 
covery as  this,  due  one  may  say  to  an  accidental  blow  of  the  hammer, 

shows  how  much  there  is  still  to  be  learned  by  patient  search, 
before  the  relationships  of  the  isolated  outcrops  described  in  this 
Memoir  can  be  worked  out. 

The  upper  Namhsim  beds  have  been  recognised  on  the  eastern 

slopes  of  the  hills  north-west  of  Hsipaw,  on  the 
North-easterly  extension.  „       .  ,     .  .        ... 1  . 

path  to  ranghsa-pye,  above  the  village  ot  Man- 
hpeklu    (F  2),  but  only  fragments  of  trilobites  and  small  brachio- 
pods  were  found  here.     They  also  occur  along  the  crest  of  the 

scarp  east  of  the  Nam-Tu  gorge,  further  to  the  north,  and  are 
seen  just  above  the  mouth  of  the  Nam-pang-yun  or  Bawdwin  river, 
where  they  contain  large  numbers    of    Orthis    elegantula ;   but  the 
beds  are  generally  much  concealed,  and  no  fossiliferous  localities 
comparable  to  those  of  Konghsa  or  Manaw  have  been  found  in  this 
direction.    Indications  of  the  presence  of  these  beds  are  to  be 

seen,  however,  in  almost  every  instance  when  the  boundary  between 
the  Namhsim  Sandstones  and  the  Plateau  Limestone  is  crossed,  and  in 

spite  of  its  small  thickness,  the  band  seems  to  be  remarkably  persistent. 
The  same  remarks  apply  to  the  development  of  these  beds  in 
^        „  the  Eastern  Ranges.     They  are  to  be  met  with 
Eastern  Ranges.  °  » 

whenever  the  boundary  between  the  Plateau 

Limestone  and  the  underlying  rocks  is  exposed,  though  the  thick 
Namhsim  Sandstones  appear  to  be  absent  in  this  area.    Fossils  are 

T  .  T  not  numerous,  but  specimens  of  the  Fenestella Loi  Lcn  Rang.  ,  , 
so  abundant  at  Konghsa  were  found  in  more 

than    one    place    along    the  crest  of  the  Loi-len  range,  and  also 
further  to  the  north-east,  near  the  village  of  Panghsa-pui  (Loc.  61,  I  1) 
These  beds  are  found  all  along  the  eastern  base  of  Loi  Ling,  form- 

ing a  narrow  fringe  at  the  edge  of  the  limestone  plateau,  and  in 

....    „      ,  the  dome-shaped  range  of  hills  to  the  east, 
Mong-Iveng  dome.  .  xm  , 

between   the    lertiary   coal-field   of  Man-sc-le 

and  the  plateau  of  Mong-Keng,  they  occupy  very  large  areas  both 
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at  the  northern  and  southern  ends  of  the  dome,  arching  over  the  purple 
Hwe  Mawng  shales  forming  its  core.  In  the  northern  area  a  great 
thickness  of  beds  is  exposed,  and  it  is  possible  that  the  Namhsim 
Sandstones,  as  well  as  the  marls,  are  represented  here,  but  this 

tract  of  country  has  only  been  cursorily  examined.  A  few  frag- 
ments of  trilobites,  probably  of  Encrinurus,  were  the  only  fossils 

detected.  At  the  southern  end  the  rocks  are  very  sandy  and  friable 
in  texture,  breaking  down  easily  into  a  loose  sand  forming  rounded 

pine-clad  hillocks,  among  which  it  is  hopeless  to  search  for  natural 
outcrops. 

To  the  south  also  the  beds  are  of  this  soft,  sandy  texture,  and 
are  very  seldom  exposed  as  solid  rock.  In 

Hills  east  of  Mong-Yai.  J  *\ tact,  it  would  be  almost  impossible  to  map  their 
boundaries  with  the  Plateau  Limestone,  were  it  not  for  the  circum- 

stance  that  the  common  pine  of  this  region,  Pinus  Khasya,  does 

not  grow  naturally  on  the  limestone,  but  is  found  in  great  numbers  wher- 
ever the  soil  is  of  a  sandy  character.  The  outer  edge  of  the  pine 

forests  is  therefore  an  excellent  guide  in  mapping  this  boundary, 

while  the  inner  boundary  with  the  Hwe  Mawng  beds  may  gene- 
rally be  detected  with  a  certain  degree  of  accuracy,  since  the  latter 

are  harder,  rise  more  abruptly  from  the  low  ground,  and  afford 

numerous  outcrops.  In  this  way  the  upper  Namhsim  beds  have 
been  traced  along  the  western  edge  of  the  hills  south  of  Loi  Ling, 

in  South  Hsenwi,  up  the  valley  of  the  Nam  Ha,  and  along  the 
eastern  edge  of  the  hills  in  the  valley  of  the  Nam  Pang.  The 

graptolites,  Monograptus  priodon  and  Cyrtograptus  sp.,  already 
mentioned  (p.  129)  as  occurring  at  Kanlun  in  the  valley  of  the 

Nam  Ha  (Loc.  69,  I  3),  may  perhaps  belong  to  this  horizon  ;  but 
the  rocks  containing  them  are  not  of  the  same  type  as  the  marls,  being 

more  shaly,  with  carbonaceous  layers,  overlying  a  band  of  hard 
limestone.  The  exposure  is  quite  isolated,  and  its  position  with 
regard  to  the  rocks  above  and  below  could  not  be  ascertained. 
In  the  band  along  the  edge  of  the  hills  bordering  the  Nam  Pang 

fossils  were  found  at  two  localities  : — Lindstrcemia  sp.  and  numerous 
specimens  of  an  undetermined  bryozoan  at  Nampung,  in  the  bed 
of  a  stream  of  the  name  name  close  to  the  village  (Loc.  62,  J  3)  ; 

and  the  same  coral,  with  fragments  of  trilobit  s,  probably  Phacops 
shanensis  Keed,  and  brachiopods,  all  reduced  to  powder  by  the 
leaching  out  of  the  calcareous  matter  from  the  rock,  near  the 

small  village  of   Ho-hko,  not  marked  on   the  quarter  inch  map 
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(Loc.  63,  J  4),  on  the  path  from  Pa-tep  to  Mong  Heng,  in  the 
Nam  Ha  valley. 

The  upper  Namhsims  also  occur  along  both  sides  of  the  Loi 
Twang   range,    in   Kehsi   Mansam   and  Mong 

Loi  Twang  range.  T_..        .        ,   .  .  .,        .  , 
Kung,  out  their  presence  is  usually  only  to  be 

detected  by  the  low  mounds  of  loose  sand  into  which  they  break 

up,  and  outcrops  of  solid  rock  are  very  seldom  seen.  A  few 

specimens  of  Phacops  sJianensis  Eeed,  the  species  that  is  so  abund- 
ant at  Kyinganaing,  near  the  western  edge  of  the  plateau,  wer? 

found  in  a  small  outcrop  in  the  Nam  Ka,  about  half  a  mile  north- 
west of  Hamngai,  in  the  state  of  Mong  Kung,  on  the  eastern  side 

of  the  range  (Loc.  60,  Gr  5). 
The  homotaxial  relations  of  the  fauna  of  the  Namhsim  forma- 

tion with  that  of  other  regions  are  summar- 

tionofTpedes1  ised   in   TableS   4   alld   5>    a   neW  SPecies  being printed  in  heavier  type,  and  those  which  are 
found  in  both  divisions  of  the  formatio"  being  marked  by  an 
asterisk  : — • 

L  2 





Tables  4  and  5. 

list  and  Distribution  of  Ndmhsim  Fauna. 
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Table  4. 
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List  and  Distribution  of 

Note  :— In  Tables  4  and  5  the  following  abbreviations  are  used  :— 
Lw.  =  Ludlow  =  U.  Oesel  zone,  U.  Gotlandian,  N.  Europe  =  fctage    F,  Bohemia  =  L.  Helder- 

berg  group,  A7.  America. 

Wk.  =  Wenlock  =  L.  Oesel   zone.  L.  Gotlandian,    N.    Europe  =   I'itage  E    2,    Bohemia  - 
Niagara  group,  N.  America  =  Hayden's  Horizons  7  and  8,  Himalayas.1 

Name. Range  and  Distribution  oe  Genera. 

Brachiopoda. 

Lingula  crumena  Phill.  var.  birmanica  Reed.  . Old. -Recent,  Cosmopolitan 

Mimulus  aunglokenis  Reed.  . U.  Sil.,  Europe,  N.  America 

Orthis  (?)  sp  

Pelecypoda. 

Ortlionota(V)  spectabilis  Reed. 

Ord.-Carb.,  Cosmopolitan 

f  Sil.,  Europe  \ 

\  Dev.,  N.  America  J  ' 

»   (?)  sp  
Ditto       .  ..... 

1  Geology  of  Spiti,  Memoirs  Geol. 

I 
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Lower  Namhsim  Fauna. 

Ly.  =  Llandovery  =  Pentainerus  beds,  N.  Europe  =  Etage  El.  Bohemia  =Clinton  group,  N.  America. 
Gc.—  Caradoc  or  Bala=Kuckers  beds  and  Cystidean  Limestone,  JV.  Europe  —  Etage  D  4,  D  5, 

Bohemia  II  Trenton  group,  N.  America. 

Horizon  and 

Nearest  Allies. 

ro
pe
. m 

N.
  Eu
 

Gr
ea
t 

ta
in
. 

U.  Ly. 

f  M.  contrarius 

j  Barr. 
j  M.  waldro- nensis  Miller 

and  Dyer. 
Wk. Wk. 

•  • 

Sanyuinolites 
(Orthonota) 
decipiens, 
McCoy. 

(?)  Cypricardia 
{Orthonota) 
solenoidea 

Sow. 

U.Lw. 

L.  Lw. 

Horizon  and  Distribution  of  Species  or  nearest  Ally. 

o 

Wk. 

a 

Wk. 

Wk. 

a 

Remarks. 

3 

Occurs  %vi(h 
Mim.  aung- 

token  si*. 

Uurv.  hid.,  Vol.  XXXV  I,  Pt.  1,  p.  24. 
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Table  4 — contd. 

List  and  Distribution  of 

Pycnomphalus  (? )  sp. 

Cephalopoda. 

Orthoceras  aff.  tenuiannulatum  McCoy. 

Arthropoda. 

Illaenus  atT.  aemulus  Salter. 

Proetus  sp.  a. 

„     sp.  B. 

*  Calymene  Blumenbac  hi  Brongn. 

*  Cheirurus  of.  bimucronatus  Murcl 

*  Cheirurus(?)  iaexpectans  Reed. 

Phacops  (Dalii)anites)  longicaudatus  var. 
orientalis  Reed. 

Ord. -Trias,  Cosmopolitan 

Ord.-Sil.,  Cosmopolitan  . 

Ord.-Carb.,  Cosmopolitan 

Ditto  . 

Ord.-  Sil.,  Cosmopolitan 

Ditto 

Ditto  . 

Ord. -Dev.,  Cosmopolitan 
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Lower  Namhsim  Fauna — contd. 

Horizon  and Distribution  of  Species  or  nearest  Ally. 

Nearest  Allies.  | 

N.
  

Eu
ro
pe
. 

Gr
ea
t 
 

Br
i-
 

ta
in
. Bo

he
mi
a.
 

N.
  

Am
er
ic
a.
 

Hi
ma
la
ya
. 

C  
e  

n  
t  

r  
a  
1 

China, 

Au
st
ra
li
a.
 

Remarks 

C  Trochus  heli- 
cites,  Sow. 

U.  Lw. 

1 
i  T.  acutus 

Lindst. 

j  (?)  Euom- 
phalus  sp. 

Lw. 

?L.  Ly. 
Kian-tshang- 

pa  (Kayser). 

— 

.  . 

Lw. 

Cc.-Ly. 

Pr.  Fletcheri 
Salter. 

Wk.-Lw 

1   Wk. Cc.-Lw. Wk-Lw Cc.-Wk. 

U.  Ly. 
N.  S.  Wales. 

Cc-Lw. 

Ch.  vinculum 
Barr. 

1%.  longicau- 
datus  March. 

i 

Wk.-Lw. 

Cc. 

Wk. 

1 

U.  Sfl. Victoria. 
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Table  5. 

List  and  Distribution  of 

Nam  e Range  and  Distribution  of  (Jeneka. 

A  CTTNOZOA 

Lindstrcuniia  sp.  ...... Ord.-Carb.,  Europe,  Dev.,  N.  America 

Bryozoa. 

Fenestella  sp.  ..... Ord. -Garb.,  Cosmopolitan 

Brachiopoda. 

XJllJi*  Mli«    XJC  W  ID  l  kJ\J  w  .               •                 •                 •                 .  . '  )rd  -lipcpnt  Oosmnnnbt'an 

T ,pi \t •!  ii *)  r  1 1 1 1 1 1 1 1  K  1 1 1 1 ; i  lis  VV 1  \c k' Ord  -Carb  Ditto 

Stropliomena(?)  corrugatella  Da  v.  \ar. Sil.-Carb.,  Ditto 

Orthothetes  pecten  Linne.  .... Ditto  Ditto 

Orthis  rusticajSow .  ..... Ord.-Carb.,  Ditto 

„     (Bilobites)  biloba  Linne.     .  . Sil.,  Europe,  N.  America 

,,     (Platvstrophia)  biforata  Schlotli. ( )rd.-Carb.,  Europe,  N.  America 

(Dalmanella)  elegantula  Dalman .        .     Ord. -Dev.,  Cosmopolitan 
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Upper  Namhsim  Fauna. 

(VT  i?  a  "D  pot     At  t  r  tj1  o 

Horizon  and Distribution  of  Species  or nearest  Ally. 

Remarks. 

N.
  

Eu
ro
pe
. 

Gr
ea
t 
 

Br
i-
 

ta
in
. 

Bo
he
mi
a.
 

N.
  

Am
er
ic
a.
 

Hi
ma
la
ya
. 

C
e
n
t
r
a
l
 

Ch
in
a.
 

Au
st
ra
li
a.
 

Petmia  sub- Cc.-Wk. 
nil  Tilt  fsifft 

McCoy. 

— 

— Lw. Lw. 

— Wk.-Lw. Cc-  Wk.-Lw. 

Cc- 

Wk. U.  Sil. N.  S.  Wales. 

Carb. Dev. 

Lo.-Ly. 
?Ly. 

K  ian-1  9chang- 

pa  (Kayser). 

Wk. 
Ly.-Wk. 

Wk. 

U.Ly. 
N.  S.  Wales. 

Wk. Wk. Wk. 

Wk. Cc.-Lw. Cc.-Wk. 

Lo.-Wk. Cc.-Wk. Cc. 

Cc.-Wk. Lo.-Lw.  . 
Ly.-WL 

Wk. Wk. Sil. 
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Table  5 — contd. 

List  and  Distribution  of 

Name. Range  and  Distribution  of  Genera. 

 J 

Brachio  PO  DA— COJlid. 

Pentamerus  cf .  oblongus  Sow. .... Sil.,  Cosmopolitan  . 

(Siebereila)  cf.  galeatus  Dalruan. Sil.-Dev.,  Europe,  N.  America  . 

Conchidium  cf .  biloculare  Linne Sil. -Dev.,  Cosmopolitan  . 

Atrypa  reticularis  Linne  ..... Sil.-Dev.,  Cosmopolitan  .... 

Glassia  cf.  compressa  Sow.  .... Sil.-Dev.,  Europe,  N.  xlmerica 

Spirifer  cf.  radiatus  Sow.  .... Sil.-Carb.,  Cosmopolitan  .... 

„     sulcatus  His.  ..... Ditto  ...... 

Rhynchospira  (Homctospira)  Baylei(?)  Dav. Sil.,  N.  Europe,  N.  America 

Nucleospira  pisum(?)  Sow. Sil.-U.  Dev.,  Europe,  N.  America 
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Upper  Namhsim  Fauna — contd. 

Horizon  and  Distribution  of  Species  or  nearest  Ally. 

Nearest  Allies. o Ph o H P 
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Ch
in
a.
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Remahks. 

— 
Ly.-Wk. Ly. 

Ly.-Wk. 
Wk. N.  S.  Wales, 

S.  Australia. 

•  — Wk.-Lw. 

Wk.- 
Dev. 

Lw. Lw. 

— Wk. 
•  • 

— 

Wk.- Dev. 
Lv.-U. 
Dev. 

Wk.- 

Lw. Ly.-U. Dev. 

?L.  Ly. 

U.  Lw.- M.  Dev. 

N.  S.  Wal  s. 
Victoria. 

Kian-tshany  • 

pa  (Kayserj. 
— Wk. Wk.-Lw. 

Wk.-Lw. Wk.-Lw. 
Ly-Wk. 

I 

Wk.-Lw. Wk. Wk.-Lw. Wk. 

;  Sp.  rlevatus 
l_  Dalman. 

Wk. Lv.-Lw. 
so. 

Tshan-ticn 

(Kay&ei). 
Wk. 

i  Retzia  Salt  ri 
Dav. 

Wk. 

Wk. Wk. 

^iV.  piriformis 
Hall. Ly.-Wk. 

Sil. 

Tsban-tiSa 

(Kayaer) 

J3i 
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Table  5 — comld. 

List  and  Distribution  of 

Name. 

Brachiopoda — concld. 

Meristella(?)sp.  . 

Peleoypoda. 

Pterinea  konghsaensis  Reed.. 

Pteropoda. 

Conularia  sp.  ... 

Cephalopoda. 

Ortlioceras  aff.  Nicliolianum  Blake. 

Annelida. 

Trachydcrrna  cf.  squamosa  Phill. 

Arthropoda. 

*  Encrinurus  konghsaensis  Reed.  . 

Phacops  shanensis  Reed. 

Range  and   Distribution   of  Genera. 

Sil.-Dev.,  Europe,  N.  America 

Sil.-Carb.,  Cosmopolitan  . 

Ord. -Trias,  Cosmopolitan 

Ord. -Trias,  Cosmopolitan 

Sil.,  England  . 

Ord.-SiL,  Cosmopolitan  . 

Sil.-Dev.,  Cosmopolitan 
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Upper  Namhsim  Fauna — conoid. 

Horizon  and Distribution  of  Species  or  nearest  Ally. 

Nearest  Allies. 
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China. 
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Remarks. 

Macla- 
reni  Haswell. 

T  w LAV. 

C  Pt.  hians 

)  McCoy. 
)  Avicula  re- 

V  ticulataH'is. 
f  C.  quadrisul- 
\   cata  Sow. 

}  C.  cancellata 
I  Sandl). 

Wk.-Lw. 

Lw. 

Lw. 

Lw. 

Lv.-Lw. 

■' 

U.-Lw. 

E.  punctalus 
Br  (inn. 

( I'h.  fee  in,  das 
!  Barr. 

'  Ph.  Crossleyi 
]     E.  and  M. 

Ph.Sweeti  E. 

L    and  M. 

Wk. Wk.-Lw. 

Wk.- 

L.Dev. 

Wk. Lw. 

?Wk. 

U.  Nil. 

N.  S.  Wales 

N.  S.  Wales. 

Victoria. 
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A  study  of  these  tables  shows  that,  in  the  present  state  of  our 
knowledge,  the  fauna  of  the  Namhsims  must 

Homotaxial    relations    be    taken    ag    a    whol      and    that    it    is  not 
ot  the  fauna.  '  . 

possible  as  yet  to  subdivide  the  formation  on 

paleeontological  grounds  alone  into  zones  corresponding  with  those 
in  other  countries.  Among  the  15  species  that  have  been  collected 
from  the  lower  Namhsims  6,  or  their  nearest  allies,  are  found  in 

the  Wenlock  beds  of  England,  or  their  equivalents  elsewhere,  and 
9  range  as  high  as  the  Ludlow ;  while,  in  the  upper  Namhsims, 
among  23  species,  21  are  found  in  the  Wenlock,  and  only  18, 
including  13  which  also  occur  at  lower  horizons,  are  Ludlow  forms. 
Other  anomalies  may  be  noticed  ;  for  instance,  Pentamerus 

cf.  oblongus*  and  a  Lindstrcemia,  closely  allied  to,  if  not  identical 
with,  L.  (Peiraia)  subduplicata,  both  characteristic  Llandovery 

forms  in  England, — though  in  America  the  former  is  found  at  a 

higher  horizon, — -are  found  here  in  the  upper  beds  ;  and  on  the  other 
hand  Orthonota,  which  is  a  typically  upper  Ludlow  shell,  occurs 
low  down  in  the  lower  division.  At  the  same  time  we  have 

genera  and  species  like  Mimulus,  Phacops  longicaudatus,  Orthis 
rustica,  0.  biloba,  Conchidium  biloculare,  Spirifer  sulcatus,  and 
Nucleospira  piswn,  which  are  characteristically  Wenlock,  and  it  is 
evident  from  a  glance  at  the  table  that  an  overwhelming  majority 

of  the  species  occur  in  this  formation,  either  in  England  or  in 
its  equivalents  elsewhere.  The  formation  then,  taken  as  a  whole, 
may  be  considered  to  be  homotaxial  with  the  middle  Silurian  or 
Wenlock  beds,  but  with  an  admixture  of  species  from  higher  and 
lower  horizons.  In  order  to  account  for  the  presence  of  these  we 
require  to  know  more  about  the  geology  of  intervening  regions. 
It  may  be  remarked,  however,  that  only  10  species  occur  also  in 

Bohemia  and  6  of  these  are  wide-ranging  forms  like  Calymene 
Blumenbachi,  Leptcena  rhomboidalis,  Orthis  elegantula,  Pentamerus 

galeatus,  Atrypa  reticularis,  and  Spirifer  sulcatus.  As  Mr.  Cowper  Reed 
remarks  : — 

"  We  observe  the  presence  of  many  species  of  brachiopods  allied  to  or 
identical  with  those  found  in  beds  of  Wenlock  age  in  Northern  and  Western 
Europe,  in  fact  there  seem  to  be  very  few  peculiar  or  local  species.  The 
only  discordant  element  is  Mimulus,  which  is  a  Bohemian  and  American 

gonus."    (Lower  Pal.  Fossils,  N.  Shan  States,  p.  152.) 
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When  we  compare  this  fauna  with  the  Silurian  fauna  of  Spiti 

!  and   the  Central  Himalaya,    as  described,  by 
ma  ayan  equiva  en  s.     ̂     Cowper  Reed  in  a  recent    Memoir,1  the same  almost  absolute  want  of  concordance  becomes  manifest  as  in 

the  case  of  the  Ordovician  fauna  ;  while  the  discrepancy  existing  in  the 
relations  of  the  species  with  those  of  America  and  Europe  respectively 
is  still  more  strongly  marked  than  in  the  case  of  the  older  strata.  While 
the  35  species  described  by  Mr.  Cowper  Reed  from  the  Silurian  of  the 
Central  Himalaya  are  allied  with  those  of  America  and  Europe  in 

practically  equal  proportions,  18  (51  per  cent.)  being  common  to 
the  former  province  and  17  (49  per  cent.)  to  the  latter ;  out  of 
the  40  species  described  from  Burma  by  the  same  author  no  less 

than  35  (87*5  per  cent.)  are  identical  with  or  allied  to  European 
forms,  and  only  14  (35  per  cent.)  to  American.  Seven  only  are 
common  to  the  Himalaya  and  Burma,  all  of  these  being  ubiquitous 
species  like  Orthis  elegantula,  O.  calligramma,  0.  rustica,  Leptama 
rhomboidalis,  and  Pentamerus  oblongus  ;  while  only  one  of  the  species 
peculiar  to  Burma,  Encrinurus  konghsaensis,  is  represented  by  an 
allied  species  in  the  Himalaya,  E.  punctatus,  also  a  widely  ranging 
fossil. 

The  contrast  in  the  composition  of  the  Burmese  and  Himalayan 
Silurian  faunas  is  also  quite  as  striking  as  in  the 

Composition     of    the  .  ,     ..    ,     .  .  m,  . 
fauna.  case  ot  the  Ordovician.    1  he  presence  of  grapto- 

lites  is  in  itself  sufficient  to  show  that  there  could 
have  been  no  direct  communication  between  the  two  areas  in  Silurian 

times ;  for  the  character  of  the  rocks  of  that  age  described  by 

Mr.  Hayden  in  Spiti  (Op.  cit.,  p.  24)  would  not  lead  one  to  suppose  that 
the  conditions  were  not  suitable  for  the  growth  and  preservation  of 
these  organisms,  if  they  had  penetrated  to  that  area.  Again,  the 

distinctive  characteristic  of  Hayden 's  horizon  6,  at  the  base  of  the  Silu- 
rian in  Spiti,  is  the  preponderance  of  corals,  no  less  than  13  species  having 

been  obtained  from  this  horizon  alone,  of  which  10  possess  marked 
American  affinities.  In  Burma,  on  the  other  hand,  Lindstrcemia 

is  the  only  Silurian  coral  yet  found.  In  the  higher  horizons  of  Spiti 
there  is  a  more  varied  assemblage  of  fossils,  but  even  among  the 
brachiopoda  there  is  no  close  or  peculiar  connection  with  those  of 

Burma,  only  the  most  widely  ranging  forms  being  represented  in 

1  The  Ordovician  and  Silurian  Fossils  of  the  (Vulval  Himalaya.  I'<il  ,■  mi.  hid.,  Vol. 
VII,  Mom.  No.  2;  a/sv.  H.  H.  Hayden,  The  Geology  of  Spiti.  with  parts  of  I'.ashahr  and 
Rupshu,  Memoirs,  Ocol.  Surv.  Ind.,  Vol.  XXXVI.  Pt.  1. 

M 
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both  areas  ;  and  there  is  certainly  a  greater  variety  of  trilobites  in 

Buirna,  as  well  as  a  much  greater  profusion  of  individuals.  What- 
ever may  have  been  the  nature  of  the  barrier,  then,  that  separated 

the  Burmese  and  Himalayan  life-provinces  in  Ordovician  times,  it 
seems  to  have  remained  unsurmountable  by  marine  organisms  until 
the  close  of  the  Silurian  epoch, 



CHAPTER  VIII. 

SILURIAN  SYSTEM. 

Zebingyi  Stage. 

The  next  formation  to  be  dealt  with  is  perhaps  one  of  the 

^  most   interesting   to   be   found   in   the  whole 
of  the  Shan  States,  although  it  is  very  re- 

stricted in  area,  and  of  slight  thickness,  even  where  it  is  most 

highly  developed.  The  name  of  Zebingyi  beds,  given  to  it  in  the  re- 
ports drawn  up  by  Mr.  Datta  and  myself  in  1900,  is  taken  from 

a  well  known  station  on  the  railway  between  Mandalay  and 

Maymyo,  where  the  traveller  fir&t  begins  to  realise  that  he  has 
left  the  torrid  plains  of  the  Irrawaddy  valley  for  the  cool  breezes 
of  the  uplands.  It  was  in  a  cutting  on  the  railway  then  under 

.  construction,  about  a  mile  west  of  the  sta- 

1  "  tion,  that  I  made  my  first  assault  upon  the 
rocks  of  this  region,  on  the  13th  December  1899,  and  I  can  well 

recall  the  thrill  of  delight  and  astonishment  with  which  I  recog- 
nised, in  the  first  fossiliferous  piece  of  rock  that  I  broke  off,  a 

fragment  of  a  graptolite,  the  first  of  that  class  of  organism  that 
had  been  discovered  in  Southern  Asia.  It  was  this  discovery  that 
led  me  to  suspect,  at  the  veiy  beginning  of  my  investigations,  that 
the  geology  and  the  fossil  fauna  of  the  Shan  States  would  be  found 
to  differ,  in  a  remarkable  degree,  fiom  anything  that  was  hitherto 
known  in  India ;  and  though  it  perhaps  gave  at  the  outset  a 
certain  bias  to  my  opinions,  it  can  hardly  be  doubted,  I  think, 
that  subsequent  researches,  those  of  the  geologists  who  have  been 
associated  with  me  in  this  work  as  well  as  my  own,  have  tended 
to  confirm  this  view.  1  propose  to  return  to  this  subject  when 
the  nature  of  the  beds,  their  distribution,  and  the  fauna  contained 
in  them  have  been  described. 

M  2 
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The  most  complete  section  of  these  beds  yet  found  is  to  be 

Section  of  Zebiivyi  seen  m  ̂ he  cuttings  on  the  railway  just  before 
scarp  (Section  I,  Plate  reaching  the  small  plateau  in  the  centre  of 

which  Zebingyi  stands  (B  5).  After  surmount- 
ing the  zig-zags  above  Sedaw,  the  line  still  ascends  a  series  of 

high  gradients,  with  many  sharp  curves,  along  the  crest  of  the 
scarp  overhanging  the  valley  of  the  Sedaw  river,  passing  first 

through  highly  inclined  Naungkangyi  beds,  and  then  through  nearly 
horizontal  Plateau  Limestone,  a  poor  outcrop  oif  the  Zebingyi  beds, 
which  we  need  not  take  further  notice  of  now,  being  cut  through 
at  the  point  of  junction.  There  is  then  a  short  level  stretch  of 

limestone,  just  beyond  which,  at  the  base  of  the  low  scarp  border- 
ing the  Zebingyi  plateau,  there  is  a  fault,  and  the  beds  are  re- 

peated. Ascending  the  line  from  this  point  we  have,  first  a  poor 

exposure  of  the  Naungkangyi,  or  perhaps  Nyaungbaw  beds,  some- 
what contorted  at  the  lower  end  of  the  section,  and  irregular  in 

dip  ;  then  a  series  of  grey  limestones,  in  thin  bedded,  regular  lay- 
ers dipping  gently  to  the  east-north-east  or  north-east,  containing 

numerous  specimens  of  Orthoceras  and  an  occasional  trilobite.  With 

these  are  intercalated  more  shaly,  carbonaceous  layers  crowded 
with  Tentaculites.  Higher  up  the  limestones  are  in  thin  regular 
bands,  separated  by  thicker  layers  of  light  coloured  shale.  The 
whole  thickness  of  these  limestones  and  shales  may  be  about  200 

feet,  but  owing  to  the  irregularity  of  the  dip,  and  the  frequent 
curves  taken  by  the  railway,  it  was  impossible  to  measure  it 
accurately,  while  on  either  side  of  the  line  the  slopes  are  covered 
with  almost  impenetrable  jungle,  so  that  no  measurements  can  be 
made  along  a  direct  line.  The  grey  flaggy  limestones  are  followed 
by  about  80  feet  of  dense  black,  somewhat  earthy  limestone,  with 

thin  partings  of  blacK  shale,  in  which  the  graptolites  occur,  as- 
sociated with  enormous  numbers  of  Tentaculites  eleyans  Barrande 

(Loc.  38,  E  5). 

The  fossils  collected  at  this  locality  were  ; — 

In  the  black  limestones;  Monograptus  dubius  Suess,  a  Werdock 

and  lower   Ludlow  species,   "characterised  bv Fossils :  Graptohte  beds.  .  ,  , 
possessing  theca;  ot  one   type  only,   by  the 

outer  wall  of  the  first  fcheca  extending  down  to  the  aperture  of  the 

sicula  and  inclined  to  it  at  a  small  angle  (20°  to  30°),  and  by  the 
length  of  the  adult  theca  being  as  a  rule  two  or  three  t  imes  the 
width     ....    Miss  Wood    in   describing  the   species  remarks 
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that  it  is  typically  a  Wenlock  form  but  that  it  occurs  as  high  as 

the  zone  of  M.  scanicus  of  the  lower  Ludlow  shales  "  (Lower  Pal. 
Fossils,  N.  Shan  States,  page  91).  Also  Tentaculites  elegans  Barr., 

agreeing  in  every  respect  with  specimens  from  Bohemia.  The  fossils 

are  of  small  size,  averaging  3-4  mm.  in  length,  but  some  reach 
a  length  of  7-8  mm. 

"  They  are  slender,  conical  shells,  tapering  at  first  rather  slowly,  and  then 
more  rapidly  towards  the  apex,  with  regular,  equal,  and  equidistant  rings, 
separated  by  rather  wider  interspaces ;  a  fine  longitudinal  lineation  also 
ornaments  the  shell,  and  is  most  distinct  in  the  interspaces.  Most  of  the 
specimens  are  more  or  less  crushed,  but  nearly  all  have  a  longitudinal  groove 
or  depression  extending  from  the  mouth  to  about  half-way  down  one  side 
of  the  shell,  and  it  seems  to  be  a  constant  feature  (as  in  T.  cancellatus  Richter), 

and  not  the  result  or  accidental  injury.  It  is  represented  in  Barrande's  figure,1 
but  no  comment  is  made  upon  it."    (Op.  ext.,  p.  125.) 

The  species  is  believed  by  Kayser  to  be  identical  with,  or  only 
a  variety  of,  T.  acuarius  Richter,  which  occuis  in  the  Harz  in 

Silurian  beds,  associated  with  Favosites  gotlandica,  Cardiola  inter- 
rupta,  etc.,  but  Bariande  mentions  some  important  distinctions 
between  the  two  species.  In  Bohemia  Tentaculites  elegans  ranges 

from  Et.  F  2  to  H  1,  and  is  therefore  a  Devonian  species.  Besides 

these  a  small  Pteropod,  comparable  with  Styliolina  Icevis  Richter, 
from  the  Nereites  beds  (Lower  Silurian)  of  the  Thiiringer  Wald, 
also  occurs  in  the  black  limestone. 

The  fossils  found  in  the  grey  limestones  and  associated  shaly 

bands     comprised  :    —  Vlasta    sp.,    a  small 
Fossils:  Flaggy   lime-     stron~iy    ribbed    sheU    with    a    large  incurved stones.  °  J  T7-    7   7  • beak,  resembling  V.  tumescens  and  V.  boncmica 

Ban  .,  both  from  Et.  K  2  (Wenlock)  of  Bohemia.  A  form  comparable 
with  V .  tumescens  has  also  been  recorded  by  Tschernychew  from  the 
lower  Devonian  of  the  Urals  ;  Orthoceras  aff.  commutatum,  a  lower 

Dcvonia  species  of  the  Harz,  allied  to  0.  distans  Sow.,  from  the  lower 
Ludlow  of  England,  and  another  species  with  more  numerous  and 

more  closely  placed  septa.  0.  aff.  mocktreense  Sow.,  a  specimen  of 

which,  from  another  locality,  has  been  described  and  figured  by 
Mr.  Cowper  Reed  (Op.  cit.,  p.  127,  PI.  VII,  fig.  9),  also  occurs  here 
as  I  found  on  my  last  visit  to  Zcbingyi,  when  I  obtained  a  fine 

specimen.  It  is  an  upper  Ludlow  form,  but  sometimes  occurs  in 
the   Wenlock.     Other  genera  and  species  of  Cephalopoda  are  also 

1  Syst.  Silur.  da  la  Boheme,  Vol.  HI,  PI.  XIV,  tigs.  20—27. 
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represented  in  the  grey  limestones,  for  I  have  found  sections  of 
forms  showing  septa  resembling  those  of  Ascoceras  on  the  surface 
of  the  rock,  but  it  is  impossible  to  extract  the  entire  fossil. 

A  very  fine  specimen  of  a  large  ttilobite,  Pkacops  (Dalmanites) 

a  .  j  Swinhoei  Reed,  was  found  by  me  in  a  loose 
block  weathered  out  from  a  bed  of  dark 

grey  limestone  just  below  the  graptolite  horizon.  This  has  been 

figured  by  Mr.  Cowper  Reed  in  his  Memoir  (Op.  ext.,  fig.  3,  p.  140), 
the  figure  showing  the  pygidium,  which  is  almost  perfect,  and  a 

part  of  the  head  shield.  It  is  very  closely  allied  to  Ph.  (Dalman- 
ites)  Hausmanni  Brongn.,  which  occurs  in  Et.  G  (lower  Devonian) 

in  Bohemia,  and  belongs  to  a  group  of  species  chatacteristic  of 

this  horizon  in  southern  Europe.    Mr.  Cowper  Reed  remarks — 

"  It  is  represented  in  the  '  Hercynkalke  '  oi  the  Harz  by  Ph.  (Dalmanites) 
fuberculalus  Rom.  The  occurrence  of  *his  type  in  the  Burmese  Silurian  is 

thus  an  important  indication  of  the  affinities  of  the  Zebingyi  beds." 

Since  this  specimen  was  found,  I  have,  searched  the  locality 
caiefully  for  more  specimens,  in  company  with  my  friend 
Mr.  Swinhoe,  of  Mandalay,  who  was  with  me  when  I  found  the 

example  figured,  and  has  more  than  once  visited  the  spot  on  his 
own  account,  but  neither  of  us  has  succeeded  in  finding  more 
than  mere  fragments  of  other  individuals.  I  have,  however, 

obtained  a  few  specimens,  though  poorly  preserved,  of  another  and 
smaller  species  of  Dalmanites.  The  locality  is  easily  accessible,  it 

being  possible  to  get  to  it  by  train  from  either  Mandalay  or  May- 
myo  in  the  morning  and  return  the  same  evening,  and  as  the  wea- 

thering of  the  rock  proceeds  veiy  rapidly  in  the  moist  climate  of 
these  hills,  the  extraction  of  the  fossils  will  doubtless  become  more 
easy  as  time  goes  on. 

The  black  limestones  are  succeeded  by  a  series  of  flaggy,  white, 

Passage  into  Plateau    thin  bedded  "^stones,  with  the  same  gent
le 

Nimcstdiic  but   irregular   north-easterly   dip,   which  pass 
upward  into  the  ordinary  crushed  type  of 

the  Plateau  Limestone,  the  passage  being  apparently  quite  conform- 
able. In  these  flaggy  limestones  no  fossils  whatever  have  been 

found,  and  higher  up,  in  the  crushed  limestone,  the  only  traces  of 
organisms  are  small  joints  of  crinoid  stems,  while  even  these  are 
rare. 
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Beneath  the  Zebingyi  plateau  the  rocks   form  a  shallow  syn- 
_  , .     .  clinal,  bending  up  again  to  the  east  with  a 
Zebingyi  synclinal.  ,       ,.  ,.    .       ,      ,  , 

westerly  dip,  so   that,   about  a  mile  to  the 
east  of  the  station,  the  graptolite  beds  reappear  from  beneath  the 

Plateau  Limestone.     The  section  here  (Zebingyi  2  of  Mr.  Cowper 

Eeed's  Memoir)  (Loc.  39,  B  5)  is  a  very  poor  one,  exposed  partly 
in  a  small  cutting,  and  partly  in  the  drainage  channels  on  either 
side  of  the  line,  and  differs  in  some  respects  from  that  west  of  the 

station.     The  black   earthy  limestones  are  very  much  diminished 
in  thickness,  and  most  of  the  graptolites  occur  in  light  grey  shales.. 

but  they  are  in  a  better  state  of  preservation  and  more  numerous 

than  at  the  former  locality.     The  grey  thin-bedded  limestones  and 
shales  beneath  them  have  also  disappeared,  and  the  only  limestone 
to  be  seen  is  a  hard,  nodular,  lenticular  mass,  crowded  however 

with  casts  of  Orthoceras,  but  so  completely  weathered   that  most 

of  them  crumble  into  dust  on  being  extracted.     The  fossils  col- 
lected   here   were : — In   the  graptolite  shales. 

Monograptus  dubius ;  Meristina  sp.,  a  trans- 
versely oval  shell  referred  with  some  doubt  to  this  genus,  which  is 

a  Niagara  or  Wenlock  form ;  an  undetermined  species  of  Modio- 
lopsis ;  abundant  specimens  of  Tentaculites  elegans ;  and  a  single 

example  of  another  species,  compared  with  T.  ornatus  Sow.,  from 
the  Wenlock  beds  of  England.  The  rings  on  this  species  are  fewer 
in  number  and  wider  apart  than  in  T.  elegans,  and  the  interspaces 
are  broad  and  marked  with  fine  concentric  striae.  The  fossils 

collected  in  the  underlying  limestone  were  Lindstrcemia  sp.,  similar 
to  those  found  at  Pomaw  in  the  Gokteik  gorge,  and  the  same 
species  of  Orthoceras  that  occur  at  the  locality  below  Zebingyi 

including  the  specimens  of  0.  aff.  vwcklreense  and  0.  aft",  com- 
mutatum  figured  in  Mr.  Reed's  Memoir  (PI.  VII,  figs.  9,  11,  12). 
The  limestone  also  contains  the  pygidia  of  a  small  trilobite,  pro- 

bably of  Phacops  shannsis  Reed. 
The  axis  of  the  Zebingyi  synclinal  is  inclined  to  the  north  in 

such  a  manner  that  the  outcrop  of  the  Zeb- 
Linnts  of  outcrops.         .        .  .  ,,,  ■L 

ingyi  beds  describes  an  elliptical  curve,  ex- 

tending southwards  to  the  village  of  Pebin,  between  Zebingyi 
station  and  the  Mandalav  Mavinvo  cart  road.  At  IVbin  the  beds 

axe  very  thin,  and  they  evidently  died  out  rapidly  in  this  direc- 
tion. The  northern  side  of  the  Zebingyi  plateau  is  bounded  by 

inaccessible  cliffs  of  limestone,  al   I  he  base  of  which  in  the  Scdaw 
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valley,  there  is  almost  impenetrable  jungle,  and  the  only  traces  of 
the  presence  of  the  Zebingyi  beds  at  the  base  of  the  limestone 
are  fragments  of  the  black  shales  with  Tcntarulites  elegans,  which 

may  be  picked  up  in  the  talus.  They  have  not  been  detected  on 
the  north  side  of  the  Sedaw  valley,  where  there  is  an  outlier  of 
the  overlying  limestone. 

The  grapto'ite  beds  are  exposed  in  several  places  near  the  crest 
of   the   ridge   east  of   the   Zebingyi  plateau, 

Crest  of  Pyintha  ridge.     ,  °  ,  ■  ^^ tormmg  a  narrow  band  running  roughly 

parallel  to  the  cart  road  from  Pyintha  northwards.  A  poor  ex- 
posure is  seen  in  a  water-course  close  to  the  crest  of  the  ridge 

about  a  mile  south-west  of  the  village,  but  a  better  one  occurs  in 
the  stream  that  crosses  the  road  at  the  village,  and  about  half  a  mile 
above  the  crossing  (Loc.  44,  B  5).  The  beds  here  consist  of  shaly 

black  limestones  dipping  E.  20°  N.  at  about  18  degrees,  and  contain 
Tent,  elegans  and  graptolites  in  large  numbers.  The  latter 
are  in  a  rather  better  state  of  preservation  than  at  Zebingyi, 

and  besides  Monograptus  dubius  another  species,  M.  cf.  riccarton- 
ensis  Lapworth,  occurs,  a  species  characteristic  of  one  of  the  zones 

in  the  Wenlock  beds  of  the  Welsh  borderland.  The  outcrop  ex- 
tends for  some  two  or  three  hundred  yards  along  the  stream  bed, 

and  at  the  lower  end  of  it  some  rotten  argillaceous  rocks  were 

found  containing  trilobite  fragments,  probably  of  Phacops  slian- 
ensis,  but  too  soft  and  friable  to  be  worth  carrying  away. 

The  black  limestones  crop  out  on  the  cart  road  itself  just  be- 
yond  the   29th   mile,    and   then    follow  the 

Extension  northwards.  .   ,,        ...  .,,  . 
crest  of  the  ridge  to  withm  a  short  distance 

south  of  Kyinganaing,  crossing  the  road  again  at  the  32nd  mile 
(Loc.  43,  5).  Here  the  black  limestones  have  disappeared, 
and  the  beds  are  very  soft,  pink  and  lilac  coloured  clays,  but 
containing  enormous  numbers  of  Tent,  elegans,  crowded  together 
on  the  bedding  planes  in  the  utmost  profusion.  Fifty  or  more 
can  freauently  be  counted,  according  to  Mr.  Cowper  Reed,  in  an 
area  of  20  sq.  mm.  A  mile  further  on  the  band,  in  the  same  clayey 
condition,  crosses  the  road  a  third  time,  and  then  rims  diagonally 
across  the  slopes  towards  Thondaung  station. 

At  this  locality  (Waboye  of    Mr.  Cowper  Heed's  Memoir),  the 
o  ,  Zebingyi    beds    are    exposed    in    two  places. 
Section  at  Lbondaung  o-7  *  r 

(Fig.  5).  A  poor  outcrop  of  the  black  shales   with  Tent. 
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chgans  is  seen  about  100  yards  to  the  north  of  the  station,  in  a 

low  cutting  and  in  a  '  borrow  pit '  east 
of  the  line,  and  is  overlaid  by  the 
Plateau  Limestone  ;  then  comes  a  deep 

cutting,  in  which  the  underlying  Nyaung- 
baw  beds,  brought  up  by  a  fault,  are 

exposed,  dipping  to  N.  30°  E.  at  52 
degrees.  At  the  northern  end  of  this 
cutting  the  Zebingyi  beds  appear  again, 

dipping  in  the  same  direction,  and  resting 

upon  the  denuded  edge  of  the  under- 
lying beds  (Loc.  42,  B  5,  Plate  9).  The 

shales  at  the  base  of  the  Zebingyi  beds 
are  ferruginous  and  do  not  contain  many 

fossils,  but  a  few 

specimens  of  T.  elegans 
were  found  in  them.  The  black  shales 

follow,  intercalated  with  red  earthy  shales, 

exposed  in  a  large  '  borrow  pit '  at  the 
side  of  the  line,  both  containing  the 
usual  profusion  of  Tentaculites  and  large 

graptolites.  A  species  of  Monograptus, 
reaching  a  length  of  four  or  five  inches, 
is  very  common  here,  but  is  not  well 

enough  preserved  for  identification. 
Two  species  of  Modiolopsis  were  also 
found,  one  of  which,  M.  shanensis 

Reed,  is  well  preserved  and  is  compared 
by  Mr.  Cowper  Reed  to  M.  sim/plicissima 
Barr.,  from  Et.  E  2  of  Bohemia.  The 

other  species  is  the  same  as  that  found 

at  Zebingyi,  but  the  only  specimen 
collected  is  not  in  so  good  a  state  of 

preservation. 

From  Waboye  the    Zebingyi  band 
runs  along  the  crest  of 

t  he  scarp  bordering  t  lie 
Sedaw  valley,  and  is 

visible  in  the  beds  of  the  streams  that 

cross  the  railway  between  Thondaung  and 
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Ani  Sakan  stations.  It  is  especially  well  seen  close  to  Twinnge  (Loc. 
41,  B  5),  where  specimens  of  Monograptus  dubius  were  collected, 
and  again  about  half  a  mile  north  of  Ani  Sakan,  near  the  deserted 
village  of  Myenigon  (Loc.  40,  B  5),  where,  in  addition  to  Tent, 
elegans,  a  few  specimens  of  a  small  Lingula  were  found.  For 
some  distance  beyond  this  point  no  outcrop  of  the  Zebingyi  beds 
has  been  seen,  but  fragments  derived  from  them,  containing  Tent, 

elegans,  were  picked  up  on  the  hill  slopes  between  Letkaung  and 

Lebyaungbyan,  further  to  the  north-east,  and  in  a  small  landslip 
close  to  Naungkangyi  village,  near  Maymyo ;  showing  that  the 
band  continues  along  the  edge  of  the  Plateau  Limestone  in 

this  direction,  though  its  actual  outcrop  is  concealed  by  rain  wash. 
The  Zebingyi  beds  are  concealed,  either  by  faulting  or  by  an 

overlap  of  the  overlying  Plateau  Limestone. 
Final        appearance     ,        th    southern  edge  of  the  hills  north  of north  ot  Maymyo.  &  ° 

Maymyo,  but  they  are  found  again  at  the  very 

edge  of  these  hills  on  their  eastern  side,  in  a  small  stream  about 
a  mile  north  of  Taimgmio  (Loc.  45,  C  4).  Here  Tentaculites  elegans 

occurs  in  as  great  profusion  as  at  Kyinganaing,  and  in  a  similar 

clayey  rock,  but  the  graptolites  can  hardly  be  detected. 
This  is  the  final  appearance  of  these  beds,  at  least  so  far  as 

they  can  be  identified  by  the  presence  of  Tentaculites  and  Grap- 
tolites. Beds  of  black  limestone  shales  occur  to  the  north  and 

east  in  a  similar  position,  at  the  base  of  the  Plateau  Limestone, 
but  careful  search  has  failed  to  discover  either  of  these  fossils 

beyond  this  point. 
On  the  northern  edge  of  the  plateau  extending  eastwards  from 

the  hills  just  mentioned  some  black  limestones 
angyu  e  s.  which   must   be  close  to,  if  not  quite  at  the 

base  of  the  Plateau  Limestone,  and  therefore  on  or  about  the 

horizon  of  the  Zebingyi  beds,  occur  in  a  depression,  a  little  west 

of  the  village  of  Pangyu  (Loc.  46,  C  3),  on  the  path  to 

Namhsu-hka.  The  fossils  collected  here  were  -.—Atrypa  marginalis 

Dalman,  a  species  having  a  very  wide  distri- 
FobMls.  bution,    occurring    in    the   upper  Ordovician 

of  Britain  and  Scandinavia,  and  the  Silurian  of  Central  Europe 

and  North  America.  The  Pangyu  specimen  is  well  preserved, 

and  only  differs  from  the  usual  form  in  possessing  fewer 

lateral  ribs;  A.  (Atrypina)  subglobvlaris  Reed,  a  new  species 

resembling    A.  semiorbis  Barr.  from  Et.  F  -'  (upper  Ludlow),  and 
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4.  Cybele  from  Et.  E  2  (Wenlock)  in  Bohemia  ;  Meristina  sp.,  the 

same  that,  as  we  have  seen,  occurs  at  Zebingyi ;  Dualina  (?)  sp. 
a  small  lamellibranch  possessing  a  considerable  resemblance  to  D. 
socialis  Barr.  and  D.  infiatida  Barr.,  both  from  Et.  E  2  (Wenlock) 

in  Bohemia ;  and  lastly  a  small  species  of  Lunulicardium,  resembling 
L.  amabile  Barr.,  from  the  same  horizon  in  Bohemia.  In  America, 

and  in  Europe  outside  Bohemia,  the  genus  is  more  common  in 

the  Devonian  period.  It  will  be  noticed  that  none  of  the  char- 
acteristic Zebingyi  forms  were  found  here,  but  the  outcrop  visible 

is  exceedingly  small,  and  it  is  quite  possible  that  the  Tentaculites 
beds  would  be  found  if  a  quarry  were  opened  at  this  spot. 

The  relations  of  the  Zebingvi  fauna  with  its 
Range    and  distribu-  .         .         ,  "  . 

tion  of  species.  representatives  in  other  countries  are  summax- 
ised  in  Table  6  : — 





Table  6. 

List  and  Distribution  of  Zebingyi  Fauna- 
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Table  6. 

List  and  Distribution 

Name. Range  and  Distribution  op  Geneba. 

Hydrozoa. 

Monograptue  dubius  Suess  .... Sil.,  Cosmopolitan  . 

„        riccartonensis  Lapw. 
Ditto  .... 

sp  
Ditto  .... 

Brachiopoda. 

Lingula  (?)  sp  Ord. -Recent,  Cosmopolitan 

Atrypa  marginalis  Dalman  .... Ord.-Dev.,  Cosmopolitan 

„     (Atrypina  ?)  subglobularis  Reed Sil. -Dev.,  Europe,  N.  America  . 

Meristina(?)  sp  Sil..  Europe.  North  America 

Pelecypoda. 

Modiolopsis  shanensis  Reed  .... Ord.-Sil.,      Europe,  North 
America. 

sp  
Ditto  .... 

Lunulicardiuni  aff.  amabile  Barr. Sil.-Dev.,      Europe,  North 
America. 

Note. — For  explanation  of 
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of  Zebingyi  Fauna. 

Nearest  Allies. 

{ 
A.  semiorbis  Barr. 

A .  cj/bele  Barr.   . . 

(  M.  suiipiirissiiH't  Barr. 
1  Mytilus  gradatus  Salter. 

Abbreviations  tee  Table  4. 

Horizon  and  Distribution  of  Species 
OR  NEAREST  AiLY. 

o 
3 

Lw. 

Wk. 

Oc.-Wk. 

Wk. 
L.  Lw. 

Wk. 

Cc.-Wk. 

o 

Lw. 

Wk. 

Lw. 

Wk. 

Wk. 
Lw. 

Wk. 

a 

Wk. 

Remarks. 
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Table  6 — contd. 

List  and  Distribution 

Name. Range  and  Disteibi"  tion  of  Genera. 

Pelecypoda — contd. 

Dualina(?)  sp.  ..... Sil.-Dev.,  Europe  . 

Vlasta  (: )  sp.        ...               .  . Sil.,  Bohemia  . 

Pteropoda. 

Tentaculites  elegans  Barr  Sil.-Dev.,  Cosmopolitan  . 

cf.  ornatus  Sow.  .... Ditto  .... 

Styliolina  cf.  lsevis  (?)  Richter L.  Dev.,  Europe 

Cephalopoda. 

Orthoceras  aft.  commutatum  Giebel Ord.-lrias,  Cosmopolitan 

,,        aff.  mocktreense  (?)       Sow.  . Ditto  .... 

„        aff.  nicholianum  Blake  . Ditto  .... 

8P  Ditto  .... 

Arthropoda. 

Phacops  (Dalmanites)  Swinhoei  Reed. Ord.-Dev.,  Cosmopolitan 
I 
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Zebingyi  Fauna — conUl. 

Horizon and  Distribution  of  Species 
OR  NEAREST  ALLY. 

Nearest  Allies. 

N.
  

Eu
ro
pe
 

Gr
ea
t 
 

Br
i-
 

ta
in
. 

Bo
he
mi
a.
 

N.
  

Am
er
ic
a.
 

Remarks. 

f  D.  ser talis  Barr.  . Wk. 

C  D.  inflatula  Barr. Wk. ?  L.  Dev.  Ural. 

(  V.  tumescens  Barr. 
Wk. 

^_  V.  holiemica  Barr. 
Wk. 

1 T.  acuarim  Richter 

L.  Dev. 
L.  Dev.  Harz. 

— Wk. Lw. U.  Sil.,  N.  8. 
Wales. 

L.  Dev.,  Harz. 

L.  Dev.,  Harz. 
{^0.  distans  Sow. Cc. L.-Lw. 

Lw. 

Ly.-Lw. 

Ph.  Hammanni  Brongn  . L.  Dev. 

N 
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I  have  treated  this  fauna  as  distinct  from  that  of  the  under- 

Classificati  n  tymS   Silurian   formations,   both  because  it  is evident,  from  a  study  of  its  affinities,  as 
shown  in  this  list,  that  it  marks  a  new  phase  in  the  conditions 
prevailing  in  the  Burmese  region,  and  because  some  doubt  exists 
as  to  whether  these  beds  should  not  be  classed  rather  with  the 

overlying  Plateau  Limestone,  which  is  certainly  in  part  of  Devonian 
age,  than  with  the  strata  of  Silurian  age  already  described. 

The  reasons  that  have  led  me  to  place  these  beds  in  the  Silurian 
system  are,  not  only  the  occurrence  in  them  of  graptolites,  the 
presence  of  which  is  looked  upon,  at  least  among  English  geologists, 

as  a  kind  of  '  hall  mark '  peculiar  to  that  and  older  systems  ;  but 
also  a  consideration  of  the  general  facies  of  the  fauna  they  contain. 

The  great  majority  of  the  species  are  certainly  of  Silurian, — Wen- 
lock  or  Ludlow,—  types ;  but  the  extraordinary  profusion  of  the 
annelid  Tentaculites  elegans,  a  characteristic  lower  Devonian  species, 
and  the  equally  characteristic  affinities  of  the  few  trilobites  that 

accompany  it,  might  lead  some  geologists  to  argue  that  in  this 
region  graptolites  may  have  survived  into  Devonian  times,  and  that 
the  beds  should  be  classified  accordingly.  The  stratigraphical 
evidence  is  by  no  means  in  conflict  with  this  view ;  on  the  contrary, 

there  appears  to  be  a  perfectly  gradual  passage  from  the  graptolite 
beds  into  the  overlying  limestones.  The  case  seems  to  bear  a  very 
close  resemblance  to  that  of  the  relations  of  the  Silurian  and  De- 

vonian rocks  in  the  classic  area  on  the  borders  of  Shropshire  and 

Herefordshire  ;  where  we  have  a  series  of  '  Passage  beds '  containing, 
on  the  one  hand,  graptolites,  and,  on  the  other,  a  euripterid  and 

cephalaspid  fauna,  whose  affinities  lie  rather  with  that  of  the  over- 
lying Old  Eed  Sandstone.  In  that  case  the  classification  of  the 

'  Passage  beds  '  with  the  Silurian  is  generally  accepted.  For  these 

reasons  I  prefer  to  adopt  what  I  may  call  the  '  graptolite  con- 
vention,' for  convenience  of  classification  only ;  knowing  that  if  I 

err  in  doing  so,  I  err  in  good  company.  I  therefore  include  the 
Zebingyi  beds  in  the  Silurian  system. 

As  regards  the  affinities  of  the  Zebingyi  fauna,  it  has  been  shown 

that  the  fossils  from  the  formations  hitherto  dealt  with,  the  Naung- 

kangyi  and  Namhsim  groups,  belong  mainly  to  types  charac- 
teristic of  strata  of  similar  age  in  Northern  and  Western  Europe  ; 

but  in  the  beds  now  under  consideration  the 
Hereyinan  type.  ,     .  -      .,  j- 

most    important    fossi'S    possess    a  distinctly 
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Bohemian  or  Heicynian  facies.  Among  all  the  fossils  described 

from  the  lower  groups  there  are  only  two  that  are  of  a  distinct- 
ively Bohemian  type,  viz.,  Aristocystis  in  the  Ordovician  and  Mi- 

mulus  in  the  Silurian ;  but  in  the  Zebingyi  beds  we  have,  of  20 
species  described,  12  belonging  to  or  closely  allied  with  forms 

from  Bohemia  or  the  '  Heicynkalke  '  of  the  Harz  ;  while  of  these 
6  are  peculiar  to  that  province,  including  such  distinctive  forms 

as  Lunulicardium  amabile,  Dualina  (?)  sp.,  Vlasta  (?)  sp.,  and  Tentacu- 

lites  elegans.  The  only  characteristic  Northern  or  "Western  Euro- 
pean forms  are  Monograptus  riccartonensis,  Atrypa  marginalis,  a 

widely  ranging  species,  Tentaculites  ornatus,  and  the  cephalopcds 
Orthoceras  afF.  mocktreense  and  0.  nicholianum,  the  identification  of 

both  of  which  is  doubtful.  Some  considerable  change  in  the  distri- 
bution of  land  and  sea  must  therefore  have  taken  place  in  the 

interval  between  the  deposition  of  the  Namhsim  series  and  that 
of  the  Zebingyi  beds,  but  our  information  is  as  3  et  too  scanty  to 
enable  us  to  do  more  than  speculate  regarding  the  nature  of  this 
change. 

Mr.  Cowper  Reed  has  discussed  the  question  of  the  correlation 

of  this  fauna  in  his  Memoir  (Op.  cit.,  pp.  152-154). Migration  of  fauna.  .  Tr         .       e  . 
and  points  out  that  a  Hercynian  fauna  has 

been  described  by  Tschernyschew  from  the  western  slopes  of  the 
Urals.     He  remarks  that — 

'*  Freeh  has  suggested  that  the  birth-place  of  this  fauna  was  situated 
in  the  east  and  south-east  of  Europe  and  that  its  migration  proceeded  in  a 
westerly  direction,  so  that  it  did  not  reach  America  till  later  Devonian  times. 
It  is  open  to  us  now  to  speculate  whether  the  heralds  of  this  fauna  did 
not  first  appear  in  South-Eastern  x\sia  before  the  Silurian  period  came  to  an 

end,  and  that  thence*  it  spread  westwards  into  Europe." 

But  the  Burmese  evidence  seems  to  nie  to  point  rather  the  other 

way,  for  we  have  a  characteristic  Wenlock  graptolite,  Monograptus 
riccartonensis ,  associated  with  and  on  the  same  slab  of  rock  as  the 

Devonian  Tentaculites  elegans ;  and  a  glance  at  the  list  will  show 
that  most  of  the  other  species  are  of  Wenlock  age  in  Europe, 
while  some  are  even  older. 

As  1  pointed  out  in  a  note  published  at  the  end  of  Mr.  Heed's 
Memoir  (page   154),  there  is   no  question  of 

No  inversion  of  strata,     an  inversion  of  the  beds,  such  as  he  suggests 
might  account  for  the  presence  of  limestones 

with  a  Hercynian  fauna  below  tb.s  graptolite  shales     The  occurronce 

n  2 
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of   tho   beds   in   the   same   relative   order,   with    low   dips  corre- 
sponding to  those  of  the  Plateau  Limestone  above,  on  either  side 

of  the  shallow  Zebingyi  syncline,   is   alone  sufficient  to  disprove 
this  theory,    as  well  as  the  continuous  passage  upwards  from  the 
one  formation  into  the  other,  which  may  be  followed  without  any 
gap  through  the   Zebingyi  railway  cuttings,  and  is  also  seen  iu 
the  long  line  of  outcrop  reaching  from  Pvintha  to  Mvenigon. 

In  any  case  the  connection  with  the  Urals  does  not  appear  to 
have  been  very  direct,  for  only  one  of  the 

pean^ro°vin"erith   Ur0    peculiar  forms  of  the  Zebingyi  beds,  and  that a  doubtful  genus  and  species,   Vlasta  sp.,  is 

allied  to  any  of  those  described  by  Tschernyschew.     If  the  Her- 
cynian  fauna  had  appeared  in  South-Eastern  Asia  before  the  end 
of  the  Silurian  period,  it  is  difficult  to  understand  why  more  traces 
of  it  are  not  to  be  found  in  the  Namhsim  group.    The  only  fossils 

belonging  to  that  facies    that   occur   in    that   group  rre  Mimulus 
aunglohensis   and  Phacops  shane  isis,  tho   latter  of  which  has  been 
found  not  only  in  the  arei  where  the  graptolite  shales  are  present, 

but  also   far  to   the  south-east  in  Mong  Kiing.     It    appears  to 
me  more  likely  that  there  had  been,  throughout  the  Naungkangyi 

and   Namhsim  period,  some  connection  between  the  sea?  of  Burma 
and  those  of  Southern  Europe,  but  not  so  direct  as  that  with  the 
seas  of  Northern  and  Western  Europe  ;  so  that  the  fauna  of  the 
latter    province   frustrated   any    attempt  of  the  southern  fauna  to 
travel  eastwards  :  but  that  with  the  changes  in  the  distribution  of 
sea  and  land  that    began  to  take  place  at  the   close    of  Silurian 
times  a  more  direct  connection  with  Southern  Europe  was  opened 
up.     The  movements  that  effected  this  change  may  have  only  partly 
closed    the   old   connection    with    Northern  Europe,   allowing  the 

Hercynian  fauna   to  travel  on  the  one  hand  towards  the  Urals  and 

on  the  other  to  the  South-East  without  interference.1 
By   what  route   the   migration   took   place  is   quite  uncertain. 

It  was  certainly  not  by  way  of  the  Himala- Himalayan  equivalents.  .        P  .   .1.     ■  , 
yan  region,  for  no  traces  of  this  fauna  nave 

been   found    there ;   but   in   Spiti   and   the   Central   Himalaya  the 

homotaxial   equivalent   of    this   horizon    is    probably   the   '  Muth 
quartzite,'   which   succeeds  strata   of   undoubted   Silurian   age,  and 
comes  beneath  a  limestone  which,  there  is  some  reason  to  believe, 

1  I'".  R.  Cowper  Reed,  Pre-Carboniferous  Lifi'-Provin-es,  Records,  d<ol  Sur.,  Ind., Vol.  XL,  Pt.  1,  p.  20. 
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is  of  middle  Devonian  age,  since  it  contains  Orthothetcs  umhraculum 

Schloth.,  Atrypa  aspera  Schloth.,  and  Cyathophi/llutn  sp.1  The 
Muth  quartzite  has  yielded  no  fossils,  but  it  is  by  no  means 
unlikely  that  fossiliferous  beds  corresponding  to  it  in  age  may 
occur  further  to  the  north,  in  the  little  known  districts  north  of 

the  Tibetan  Plateau,  where  traces  of  the  Hercynian  fauna  have 

been  found.2 
A  submergence  of  the  northern  part  of  the  barrier  that  I  sup- 

pose to  have  existed  during  Ordovician  and 
First     symptoms     of    <-,.,     .         ,.  ,  i  ,1 

Devonian  transgression      Silurian    times    between    our   area  and  the 

southern  branch  of  the  '  Tethys  '  may  have 
opened  up  a  connection  with  the  northern  portion  of  that  sea. 
However  that  may  be,  it  seems  certain  that  we  have,  in  the  Her- 

cynian fauna  of  the  Zebingyi  beds,  the  first  indication  in  South- 
Eastern  Asia  of  those  great  changes  in  the  distribution  of  sea  and 

land  which,  as  we  shall  find  later  on,  brought  a  true  middle  Dev- 
onian fauna  into  Burma,  and  culminated  in  a  wide  spread  trans- 

gression of  the  Permo-Carboniferous  ocean  over  those  truf.ts  of 

Asia  lying  to  the  north  of  Gondwana-!and. 

1  H.  H.  Hayden,  Geology  of  Spiti ;  M  e.nr irs,  Geol.  Snrv.  Iwl.,  Vol  XXXVI,  pt.  1, 
p.  34. 

2  A.  de  Lapparent,  Traite  de  Geologic  5tli  Edn.  p.  849, 



CHAP  TEE  IX. 

PLATEAU  LIMESTONE. 

Devonian  Section. 

Although  the  formation  now  to  be  described  extend?  beyond  the 

^  t  limits  of  that  part  of  the  Shan  States  which 
may  be  strictly  denominated  a  plateau,  often 

forming  rugged  and  precipitous  hills  (such  as  the  Myaleit  daung,  which 

is  so  conspicuous  a  feature  in  the  landscape  to  the  south-east  of 

Mandalay  that  it  at  once  attracted  the  attention  of  the  first  geolo- 
gist who  visited  that  city,  Dr.  T.  Oldham,1  who  ascended  it  in  1855)  ; 

yet  the  name  now  given  to  it  seems  as  appropriate  as  any  that  could 
be  devised,  for  this  limestone  is  not  only  the  most  widely  prevailing 
rock  that  is  to  be  found  on  the  plateau  of  the  Shan  Hills,  but  it  is 
to  the  peculiar  constitution  and  mode  of  weathering  of  this  rock  that 

the  distinctive  characters  of  the  upland  plateaux  are  due.  It  is  indeed 
remarkable  how  these  characters  are  reproduced 

Plateau  type  of  land-  wherever  a  detached  outlier  of  the  limestones 

SCape"  occurs  among  the  older  rocks,  evtn  if  it  be  of 
small  dimensions  ;—  at  Zebingyi  for  instance,  where  the  toiling  loco- 

motive obtains  a  brief  breathing  space  on  the  long  ascent  fiom  the 

Irrawaddy  plains  to  Maymyo  ;--and  after  some  little  experience  the 
mere  appearance  of  the  ground  will  always  indicate  whether  the  rock 
below  the  surface  belongs  to  this  formation  or  not,  even  though  not  a 

single  outcrop  of  solid  rock  may  be  visible  through  the  thick  mantle 
of  red  clay  which  usually  conceals  it.  The  prevailing  type  of  scenery 

is  somewhat  monotonous,  wide  shallow  valleys,  separated  by  low 
.swelling  hills  or  ridges,  succeeding  eacli  other,  their  outlines  smoothed 
off  by  the  universal  covering  of  clay,  except  in  the  few  places  where 
a  scarp,  usually  indicating  the  line  of  a  fault,  presents  a  succession 
of  precipitous  cliffs  to  the  view,  or  where,  one  of  the  numerous 

canyon-like  gorges  crosses  the  path  of  the  traveller  (Plates  2  and  10). 
These  rolling  uplands  are  as  a  iule  not  well  cultivated,  for  the  soil  is 

of  poor  quality,  and  naturally  supports  little  but 
Nature  of  soil  F        1        y'  u     /.f1  ,  , coarse  grasses  and  scattered  oak  trees,  ana  where 

it  has  formerly  been  cleared  for  cultivation,  a  low  scrubby  jungle. 
it    is  only   in   Ihc  shallow  vallevs,  where   the  soil  is  enriched  by 

1  H.  Yule,  Mission  to  the  Court  of  Ava  in  1855,  Appendix,  p.  336. 
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deposits  of  calcareous  silt,  and  where  water  is  easily  obtainable  by 
a  system  of  irrigation  channels,  that  continuous  cultivation  can  be 
carried  on.  Elsewhere,  on  the  hill  slopes,  it  is  quickly  impoverished, 
and  the  clearings  will  only  produce  crops  for  an  average  period  of 
four  years,  after  which  they  are  allowed  to  lie  fallow  until  the 
scrub  has  grown  up  again,  when  it  is  cut  down  and  burnt,  and  the 
process  is  repeated.  The  water  that  falls  on  the  slopes  too  is 
either  run  off  at  once  by  the  stiff  impervious  clay,  or  sink3  deep 
below  the  surface  th  ough  fissures  in  the  limestone.  No  systematic 

attempt  is  made  to  terrace  these  steeper  hill  slopes,  though  some- 
times the  soil  is  allowed  to  collect  against  a  fallen  log  or  a  rock  ; 

but  if  this  were  done  it  would  certainly  reta-d  the  impoverishment 
of  the  soil  for  a  much  longer  time.  The  addition  of  lime  to  the 

clay,  which  could  easily  be  done  by  the  cultivators  if  they  were 

possessed  of  suffici  nt  energy,—  for  limestone  may  be  obtained  every- 
where,— would  doubtless  tend  to  its  amelioration  ;  for  it  is  a  curious 

fact  that,  though  the  rid  clay  has  been  derived,  to  a  great  extent, 
if  not  entirely,  from  the  dir. integration  of  the  limestone,  analyses 
show  that  it  contains  no  irace  of  lime.  Among  wild  plants  the  common 

bracken  fe;n,  Pteris  a^uilina,  is  found  universally  over  the  lime- 
stone a  x  a,  and  is  often  of  use  in  detei  mining  the  limits  of  the 

fo:mation  whi  n  no  ou  c  ops  are  visible,  1  hough  it  is  by  no  means 
confined  to  this  area. 

Thj  Plateau   Limes. one  is  known  to  extend   far  to  the  south 

.  into  the  Southern  Shan  States  and  the  Karen 

country,  and  is  probably  continuous  with  the 
limestones  in  which  the  well  known  guano  caves  of  Moulmein  are 

situated.     To  the  south  of  Moulmein  it  continues  through  Tenas- 
serim,  but  has  hilheito  been  described  only  f.om  isolated  locali- 

„    .,  .  ties,  since  no  connected  survey  of  that  country 
Fossils  in  lenasserim.       ,  ,  ,  ,         .  „  ,  -  , 

has  yet  been  made.    A  small  number  of  tos- 
sils  was  collected  from  these  rocks  in  Tenasserim  several  years  ago 

by  Mr.  P.  N.  Bose,  and  were  described  by  Dr.  Noetling,1  who 
pronounced  them  to  b-  of  Carboniferous  (p  obably  upper  Carboni- 

ferous) age.2 

1  Carboniferous  Fossils  from  Tonasserim  ;  Records,  Oed.  8wv.  Ind.,  Vol.  XXVI, 
Pt.  3,  p.  96. 

2  Previous  to  this  fossils  had  been  found  in  Tena-sacrim  by  Dr.  Oldham  (.SW.  Htcordi, 
Govt,  of  India,  No.  X,  p.  33),  and  by  Mr.  Theobald  in  the  limest  men  near  Moulmein 
(Geology  of  Pegu;  Menu/Ore,  Qcol.  Surv.  Ind.,  Vol.  X.  Pfc.  2,  p  1381  .Both  of  these 
observers  considered  the  fossils  to  be  of  Carbar  if  xous  ages  but  they  were  never  described 
and  are  now  lost. 
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These  limestones  extend  northwards  on  the  eastern  side  of  the 

„    ,  .  Nam-Tu  beyond  the  limits  of  the  map,  but lyorthern  extension.        .         .  , 
how  tar  is  not  yet  known,  Similar  lime- 

stones have  been  found  in  Yunnan,  and  the  expeditions  of  Rich- 
thofen,  Loczy,  and  others  have  shown  that  rocks  of  the  same  age 
are  spread  over  a  wide  area  in  China,  but  how  far  these  correspond 

with  their  development  in  the  Shan  States 
cannot  yet  be  determined.  They  also  extend 

eastwards  across  the  Salween  river  into  Kengtung,  probably  as  far 
as  the  Mekhong  and  the  frontier  of  Siam,  but  nothing  further  is  yet 

known  of  the  geology  of    the  Trans-Salween Western  limits.  n     .t  i  i- 
country.     On  the  west   the   limestones  come 

down  for  a  short  distance,  opposite  Mandalay,  to  the  edge  of  the 
Irrawaddy  alluvium,  as  the  map  shows  ;  but  to  the  north  and  south 
of  this  interval  they  are  separated  from  the  plains  by  a  strip,  of 
varying  width,  of  crystalline  Archaean  rocks. 

Whether  the  Plateau  Limestone  once  extended  much  beyond  its 
T.  „    „  t    present  limits  in   the  Northern  Shan  States. former      extent      <>1    £  . 
formation.  and  has  since  been  removed  by  denudation, 

it  is  difficult  to  say.     Facing  the  Irrawaddy  valley  on  the  west,  and  along 
the  line  dividing  the  plateau  from  the  hilly  country  of  Tawngpeng 
to  the  north,  the  edge  of  the  plateau  is  usually  a  precipitous  scarp, 

evidently  the  result  of  long  continued  sub-aerial  denudation,  sej  ara- 
ted  from  the  more  rugged  country  beyond  by  a  more  or  less  broad 
valley,  on  the  floor  of  which  the  rocks  below  are  exposed.     But  no 
outlying  masses  of  the  limestone  have  been  found  resting  on  the  older 
locks  beyond  the  valleys,  and  there  is  nothing  to  show  that  it  ever 
extended  further  than  the  base  of  the  hills.    At  other  places,  where 
no  stream  runs  along  the  base  of  the  older  hills,  as  for  instance  on  the 

flanks  of  Loi  Ling  and  the  Loi  Pan  -  Loi  Twang  range,  the  undulating 
plateau  continues  uninterruptedly  up  to  the  very   foot  of   the  high 
ground,  giving  the  impression  of  a  group  of  mountainous  islands  rising 
from  an  encircling  sea.     But  this  appearance  is  to  a  certain  extent 

deceptive,  for  in  some  instances,  as  in  the  Loi-len  range,  the  lime- 
stones arch  over  the  older  formations,  and  in  others  a  fringe  composed 

of  the  formations  lying  between  the  (  haung-Magyi  series    and  the 
Plateau  Limestone  intervenes,  showing  that  the  disturbances  which 

led  to  the  upheaval  of  the  higher  ranges  to  their  present  relative 
altitude  took  place  since  the  deposition  of  the  limestone.    It  seems, 

however,    quite    possible    that,    while   the   limestones    were  being 
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accumulated,  the  sea  was  studded  with  a  number  of  islands  occupying 
the  same  positions  as  the  present  ranges,  though  not  of  the  same 
dimensions  and  altitude  ;  for  it  has  been  observed  that  as  we 

approach  the  base  of  any  of  these  island-like  masses,  the  limestone 
becomes  sandy  and  in  some  cases  passes  into  a  calcareous  sand- 

stone, indicating  the  proximity  of  a  coast.  Abundant  evidence  also 
of  the  overlap  of  the  lower  beds  of  the  limestone  series  by  the 
higher  is  not  wanting.  On  the  other  hand,  no  conglomerates  have 
been  found  at  the  base  of  the  limestone,  wherever  this  is  exposed, 
a  circumstance  that  seems  to  indicate  that  the  actual  line  of  coast 

does  not  occupy  the  position  of  the  present  boundary,  but  lay 
further  out  on  all  sides.  If  this  was  the  case,  the  absence  of  outlieis 

is  easily  accounted  for  by  the  readiness  with  which  limestones  are 
attacked  and  removed  by  denuding  agents. 

The  maximum  thickness  of  this  great  mass  of  limestone  is  an- 

j  other  point  on  which  considerable  doubt  exists. 
In  only  two  instances  yet  found  within  the 

plateau  area  has  the  limestone  been  cut  away  to  a  sufficient  depth 
to  expose  the  base  of  it  and  to  allow  its  position  with  regard  to 

the  rocky  floor  beneath  it  to  be  seen.  One 
Section  at  Lcma.  .    ,  . 

of  these  is  in  the  deep  gorge  of  the  Nam-Tu 
or  Myitnge  river  at  Lema  (C  5),  about  15  miles  due  south  of 
Maymyo.  Here  the  sides  of  the  gorge  are  entirely  composed,  down 
to  within  300  feet  of  the  rivei ,  of  the  limestones,  resting  at  Lema  itself, 
so  far  as  can  be  seen,  on  the  upturned  edges  of  the  quartzites  and 

shales  of  the  Chaung-Magyi  series,  which  are  highly  disturbed  and  in 
places  vertical,  and  a  little  to  the  west  upon  almost  ecpially  highly 
inclined  Naungkangyi  beds.  The  limestones  are  only  slightly  dis- 

turbed and  the  thickness  seen  here  is  not  less  than  2,500  feet ; 
but  every  vestige  of  overlying  strata  has  been  removed,  and  the 
original  upper  limit  of  the  formation  cannot  be  determined  ;  while  a 

considerable  thickness  must  also  have  been  denuded  away  from  the 

top  of  the  limestones.  In  any  case,  then-  original  thickness  here  was 
probably  not  less  than  3,000  feet. 

The  other  instance  is  at  the  southern  end  of  the  great,  scarp  south 
of  Kyaukkyan.  where  a  fault  has  brought  the 

Kyaukkyan  scrap,  i    i  •  ,i  f         ■»•,  . 
underlying  strata  to    the  surface.    Here  also 

the  limestones   have  suffered  very  great  ly  from  denudat  ion,  and  their 
original  thickness  cannot  be  measured.    At  the  viaduct  in  the  Gok- 
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teik  gorge  the  base  of  the  limestones  is  not  visible,  but  at  least  2,000 
feet  are  exposed  in  the  cliffs  on  the  eastern  side. 

A  more  complete  section  is  exposed  on  the  left  bank  of  the 

Nam  Tu  valley  Nam-Tu  to  the  north  of  Hsipaw,   where  
the limestones  occupy  a  band  of  about  three 

miles  in  width  between  the  crest  of  the  scarp  of  Silurian  rocks 
overhanging  the  river  on  the  west  and  the  red  sandstones  and 
shales  of  the  Namyau  series  to  the  east.  Thus  both  the  base  and 

top  of  the  Plateau  Limestones  are  well  defined.  The  inclination  of 
the  whole  sequence  is  fairly  uniform,  and  may  be  taken  as  25 

degrees  on  the  average.  This  would  imply  a  thickness  of  about 
6,600  feet  for  the  limestones  ;  but  even  here  it  is  not  certain  that 

some  portion  of  them  was  not  removed  before  the  deposition  of 

{  g.Q  the  overlying  strata,  for  banks  of  calcareous 
conglomerate  filled  with  well  rolled  pebbles  of 

the  limestone  have  been  observed  at  several  places  at  or  near  the 
base  of  the  Namyau  beds,  showing  that  some  denudation  had 

taken  place  in  the  interval. 

The  band  of  this  limestone  exposed  on  the  northern  flanks  of 

.  j  the  Loi-len  range,  where  the  red  beds  are  also 
in  position  above  it,  is  fairly  uniform  in  width 

towards  the  western  end  of  the  range,  and  would  measure  about 

5,500  feet  in  thickness,  if  we  assume  a  dip  of  45  degrees,  which  is 
rather  under  than  over  the  average  amount. 

The  prevailing  type  of  the   Plateau  Limestone  is  a  whitish  or 
light  grey  rock,  weathering  to  a  darker  grey Litholoeical  characters.         ,     ,  i       i   r  •  i     u  .1 
and  often  stained  red  by  iron  oxide  both  on 

the  surface  and  along  the  joint  planes.  It  is  often  hard  enough 
to  strike  fire  with  the  hammer,  and  when  struck  usually  gives  out 

a  more  or  less  pronounced  fetid  odour,  no  doubt  due  to  the 

presence  of  decomposed  organic  matter.  In  texture  it  is  sandy 
to  the  touch  and  has  a  finely  granular  appearance,  which  at  fiist 

gives  one  the  impression  that  it  is  a  siliceous  limestone ;  but 
examination  of  thin  sections  under  the  microscope  and  chemical 

analyses  show  that  the  rock,  except  near  its  boundary  with  the 

older  formations,  where  it  occasionally  passes  into  a  sandy  lime- 
stone, contains  a  very  small  proportion  indeed  of  silica  or  argillaceous 

matter. 
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From  analyses  made  by  the  late  Mr.  T.  R.  Blyth,  Assistant  Curator, 
in    the   Geological  Survey  Laboratory,    of  a 

Chemical  analyses.  .         .         .    .  .  .     .       . . 
series  of  typical  specimens  of  the  limestone, 

it  appears  that  they  vary  from  an  almost  pure  calcite,  containing 
oyer  99  per  cent,  of  that  mineral,  through  dolomitic  limestones, 
with  from  19  to  33  per  cent,  of  magnesium  carbonate,  to  rocks 

containing  the  carbonates  of  lime  and  magnesia  in  the  proportions 

of  55  to  44  per  cent,  respectively,  or  practically  speaking,  true 
dolomites.  One  point  is  to  be  noticed,  however,  namely,  that  the 

pure  limestones  belong  to  the  Permo-Carboniferous  horizon  o  f  the 
Plateau  Limestones,  and  that  all  those  from  the  massive,  non-fos- 
siliferous  bulk  of  the  formation  yield  an  appreciable  amount  of 

carbonate  of  magnesia  ;  also  that  those  with  the  lower  proportions 
of  this  substance  contain  a  relatively  large  quantity  of  insoluble 
residue  {see  Table  7). 
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A.  very  significant  fact  brought  out  by  these  analyses  is  the  com- 
paratively small  proportion  of    insoluble  resi- 

Ongin   of    the   dolo-     ?r  f  1     l.  . 
miteS.  o-ue  that  they  contain,  except  in    those  cases 

where  the  high  percentage  of  foreign  material 
is  obviously  due  to  the  proximity,  during  the  period  of  deposition, 
of  argillaceous  or  siliceous  rocks.  Prof.  Skeats  has  shown,  in  his 

researches  into  the  composition  and  history  of  the  coral-reef  de- 

posits of  the  South  Seas,1  that  an  almost  inappreciable  quantity  of 
insoluble  residue  is  a  characteristic  feature  of  limestones  that  have 

been  formed  under  coral-reef  conditions ;  and  in  applying  the 
result  of  these  researches  to  an  enquiry  into  the  origin  of  the 

dolomites  of  the  Southern  Tyrol,2  he  employs  this  characteristic 
as  an  argument  in  favour  of  the  hypothesis  that  those  rocks  were 

formed  under  such  conditions.  In  other  respects  also,  in  the 
manner  in  which  dolomitisation  has  affected  the  rocks,  in  their 

composition  and  mode  of  occurrence,  the  Plateau  Limestones  re- 
semble very  closely,  so  far  as  one  can  judge  by  the  descriptions 

published,  the  dolomites  of  the  Tyrol,  and  I  think  that  it  is  reason- 
able tj  ascribe  to  them  a  similar  mode  of  origin. 

Thin  sections  of  the  specimens,  the  analyses  of  which  are  given 
in  Table  7,  as  well  as  of  a  large  number  of 

Petrographic  characters.  .  .        ,      ,     ,      .  . 
other  specimens,  not  analysed  chemically,  have 

been  examined  under  the  microscope.     In  all  cases  where  more  than 

10  per  cent,  of  magnesium  carbonate  was  shown  to  be  present  by 

(     (      .1  analysis  the    sections    were    also    tested  by 

Lemberg's  solution,  prepared  according  to  the 
instructions  given  by  Prof.  Skeats  in  the  first  of  his  papers  cited 

above.3  but  of  only  half  the  strength  recommended  by  him  ;  as  it 
was  found  that,  probably  on  account  of  the  higher  tempera- 

ture prevailing  in  Calcutta,  the  action  of  the  solution  was  verv 

rapid,  and  it  was  difficult  to  avoid  the  deposition  of  a  thick  layer 
of  alumina  on  the  calcite,  with  consequent  shrinkage  on  diving. 

1  Chemical  Composition  of  Limestones  from  upraised  Coral  Islands  ;  Hull.  Mus. 
Comp.  Zooloyy,  Vol.  XL1I,  p.  103. 

2  Quart.  Journ.  Qtol.  Soc.  Loudon,  Vol.  LXI,  p.  97. 
3  The  formula  of  this  solution,  ns  </iven  by  I'rof.  Skeats,  is  as  follows  :■ — 

Aluminium  chloride,  dry,  I  parts. 
Water,  00  parts. 

Dissolve,  then  add  :— 
Hcematozylin  cavtpechicmwn  (Logwood),  fi  parts. 

Boll  ;md  stir  for       minutes;  filter,  and  make  up  to  the  same  bulk  with  water. 
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Five  minutes'  immersion  in  the  solution  was  generally  found  to  be sufficient. 

Under   the    microscope   thin  sections   of   the   ordinary  massive 
„,....    .±         limestones,  such   as   the  two  specimens  from l  v  pica  I  dolomite.  ,  .   „  .  ,„ 
•  1  near  Yebin  (D  3),  Nos.  14/957  and  14/958, 

are  seen  to  consist  of  a  granular  aggregate  of  minute  dolomite  crystals 
with  irregular  outlines,  interlocking  with  each  other  (Plate  11,  fig.  2). 

The  individual  crystals  are  usually  clouded  with  brown  semi-opaque 
matter,  which  is  often  concentrated  in  the  centre,  leaving  a  narrow  clear 
zone  round  the  edge.     Where  cavities  are  present  the  mineral  filling 
them  is  clear,  and  frequently  has  a  tendency,  sometimes  very  pronounced, 

„  ,  .„     .  to  crystallise  in  idiomorphic  rhombohedra.  Any v  eLiCitc  veins 
calcite  that  the  rock  contains,  as  shown  by  stain- 

ing with  Lemberg's  solution,  is  confined  to  fine  cracks  and  veins,  and 
is  evidently  of  secondary  origin.    This  is  well  seen  in  No.  14/958. 

In  the  specimen  No.  15/903  from  near  Baw  (C  5),  to  the  south 
of  Maymyo,  the  mass  of  the  rock  is  of  exactly Dolomitic  limestone.  . 
the  same  character  as  at  Yebin,  but  it  is 

traversed  by  comparatively  wide  cracks  filled  with  clear  secondary 

calcite,  which  accounts  for  the  lower  percentage  of  magnesium  car- 
bonate in  this  rock. 

In  other  cases  also  the  lower  percentage  of  carbonate  of  magnesia 

is  due  to  the  brecciation  of  the  original  dolo- Breceiatcd  dolomites.  , 
mite;  and  the  re-cementmg  of  the  fragments 

in  situ  by  a  finely  granular  calcite  paste.  Staining  with  Lemberg's 
solution  makes  this  very  clear  in  No.  15/900,  from  near  Konghsa 

bungalow  on  the  Mandalay-Lashio  cart  road  (F  2),  where  the 
fragments  are  not  acted  upon,  but  the  cementing  material  is  dis- 

tinctly stained.  The  cracks  in  this  rock  are  filled  partly  with  clear  crys- 
talline dolomite  and  partly  with  calcite.  This  rock  also  contains 

minute  grains  of  quartz,  which  account  for  the  comparatively 

high  percentage  of  insoluble  matter.  In  another  specimen  from 
the  same  locality,  No.  14/976,  the  original  rock  seems  to  have 
been  traversed  by  fissures  which  were  then  filled  with  a  mixture 

of  calcite  and  dolomite,  and  afterwards  crushed  and  re-cemented  ; 
for  some  of  the  clear  fragments  were  evidently  derived  from  veins, 
and  consist  partly  of  calcite  and  partly  of  dolomite.  No.  14/977, 
from  a  cutting  on  the  railway  below  Zebingyi,  is  also  a  brecciated 

rock,  but  in  this  case  the  cementing  material  is  entirely  dolomitic^ 
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a  very  minute  proportion  of  calcite  only  being  present,  as  shown 

by  staining,  in  the  interstices. 

Nos.  15/898  and  17/819,  from  a  low  hill  near  Mongyaw  (Lat. 

23  2' :    Long.    98°  9',   i.e.,   just  beyond  the Oolitic  dolomites.  ,.    .,       ,  .  j  , 
northern  limits  of  the  map),  on  the  road  from 

Lashio  to  the  Kunlon  Ferry,  are  oolitic  dolomites,  containing  numerous 
specimens  of  minute  foraminifera,  among  which 
a  species  of  Endothyra  is  the  most  common,  with 

a  few   of   Textularia  and  perhaps   Trochammina.     The  groundmas/s 
of  the  rock,  which  consists  of  a  granular  mosaic  of  cloudy  dolomite 

crystals,  the  oolitic  granules,  and  the  organisms  are  all  unaffected  by 

Lemberg's  solution,  showing  that  no  calcite  is  present  as  such  in  a 
visible  form.     In  No.  15/898  (Plate   12,  fig.  1)  the  oolite  granules 
are  circular  or  oval   in   shape,  defined   by   a  thin   dark    line,  and 

freely  distributed  through  the  groundmass  either  singly  or  in  pairs. 
The  interior  is  lined  by  an  aggregate  of  dolomite  crystals,  generally 
exhibiting  idiomorphic  outlines,  of  larger  size  and  usually  less  cloudy 
than  those  forming  the  groundmass.     These  sometimes  fill  the  whole 

of  the  granule,  but  in  most  cases  either  did  not  do  so  originally 
or  have  been  dissolved  or  broken  away,  so  that  the  rock  is  now 
filled  with  minute  pores.     The  organisms   lie  in  the  groundmass 

outside  the  oolitic  grains.     No.  17/819,  though 
Brew iated  Oolites.  .  ..  .         .      .        .      .  ' 

also  an  oolitic  dolomite,  is  of  a  different  char- 

acter (Plate  12,  Fig.  2).  In  it  the  oolitic  granules  are  coagulated 

together  into  large,  semi-opaque,  irregularly  shaped  patches,  which 
appear  to  be  crushed  fragments  of  an  original  oolitic  limestone,  foi 

they  are  cemented  together  by  a  fine-grained  matrix  of  granular  dolomite 
which  seems  to  have  grown  outwards  from  the  edges  of  the  individual 

patches  ;  for,  wherever  these  are  parallel  to  each  other,  the  space  be- 
tween is  occupied,  first  by  a  zone  of  fine-grained,  cloudy  dolomite,  and 

then  by  larger,  often  idiomorphic  crystals  of  clearer  dolomite,  filling 
up  the  centre  of  the  space  after  the  manner  of  a  mineral  vein. 
In  some  instances  the  zoned  effect  is  very  clear,  the  crystals  more 

immediately  in  contact  with  the  oolitic  patches  exhibiting  a  '  dog- 
tooth '  arrangement,  with  the  apices  of  the  crystals  pointing  out- 

wards. Most  of  these  '  dog-tooth  '  crystals  themselves  are  zoned 
with  cloudy  matter.  (This  structure  is  well  seen  in  fig.  1,  Plate  13). 
Single  oolitic  granules  and  foraminifera  are  freely  scattered  through 
the  matrix.  The  structure  of  the  granules  is  concentric,  in  alternate 

minutely  crystalline  and  '  dirty  '  bends.    In  some  cases  the  nucleus 
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is  dark,  in  others  apparently  crystalline,  while  in  a  few  it  appears 
to  be  a  minute  foraminifer.  It  is  interesting  to  note  that  these 

organisms  are  the  only  ones  that  have  escaped 

£eraUrV1Va'  °  ",,ullim  the  general  destruction  of  the  shells  of  which 
the  limestone  must  have  originally  been  composed. 

This  is  in  accordance  with  the  observations  of  Dr.  J.  Murray  and 

Mr.  R.  Irvine,1  who  showed  that  when  the  shells  of  marine  organisms 
are  subjected  to  disintegrating  influences,  those  of  the  foraminifera  are 

the  last  to  disappear.  No.  14/983,  from  the  south  side  of  the  Gokteik 
gorge,  near  Nawnghkio  (D  3),  is  also  an  oolitic  limestone,  but  in  this 
case  the  oolitic  granules  are  more  sparsely  scattered  through  the  rock, 

and  consist  of  calcite,  being  stained  with  Lemberg's  solution,  while 
the  groundmass  of  the  rock  is  the  usual  granular  aggregate  of 
dolomite  crystals  (Plate  13,  fig.  2). 

The  specific  gravities  of  these  rocks,  so  far  as  they  have  been 
determined,  seem  to  form  a  rough,  but  fairly 

Speci  c  ravitu ...  consistent  guide  to  the  proportion  of  mag- 
nesium carbonate  that  they  contain  ;  the  specific  gravity  of  pure 

dolomite  being  about  2  "90,  while  that  of  calcite  is  about  2-70. 
Thus  those  specimens  which  have  been  shown  by  chemical  analysis 
to  contain  over  40  per  cent,  of  magnesium  carbonate  have  specific 

gravities  ranging  from  2-793  to  2  "849,  as  shown  in  Table  7.  In- 
termediate varieties,  with  25  to  33  per  cent.  McCO„,  range  from 

2-717  to  2*833;  and  the  pure  limestones  from  the  Permo-Carbon- 

iferous  beds  give  specific  gravities  ranging  from  2-68  to  2*70. 
A  sufficiently  large  series  of  chemical  analyses  and  accurate  specific 

gravities  has  not  yet  been  made  to  enable  one  to  come  to  any 
definite  conclusion  on  this  connection,  but  1  trust  that  one  of  my 
colleagues  will  be  able  to  take  in  hand  a  detailed  study  of  these 
limestones  in  the  near  future. 

The  conclusions  that  we  may  legitimately  draw  from  the  enquiry  so 
far  as  it  has  aleady  gone,  correspond  very  closely, 
I  think,  with  those  summarised  by  Prof.  Skeats 

in  his  paper  on  the  dolomites  of  the  Southern  Tyrol  (Op.  tit.,  p.  138). 

They  may  be  stated  thus  :— 
(1)  The  inappreciable  amount  of  insoluble  residue  is  in  favour 

of  the  hypothesis  that,  the  limestones  were  fo  med  under 
conditions  similar  to  those  of  modern  coral  reefs. 

i  On  Coral  Beefs  and  other  Carbcastje of  Lime  Formations  in  Modern  Seas:  1'rc:. 
Roy.  Hoc.  Edinburgh,  Vol.  XVII,  p.  99. 
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(2)  The  mineralogical  changes  that  the  rocks  have  undergone 
are  similar  to  those  which  have  affected  the  limestones  of 

modern  coral  reefs,  viz.,  the  dolomitisation  of  the  rock 

and  the  disappearance  of  the  organisms  that  originally 

composed  them.1 
(3)  The  practically  complete  dolomitisation  of  the  great  mass 

of  the  Plateau  Limestone  is  an  indication  that  deposi- 
tion took  place  in  a  slowly  subsiding  area,  whereby 

sufficient  time  was  allowed  for  the  mineralising  agents 
present  in  the  sea  water  to  have  complete  effect. 

(4)  Conversely,  the  fact  that  the  Permo-Carboniferous  band  at 
the  top  of  the  formation  has  not  been  altered  into  dolo- 

mite is  an  indication,  either  of  more  rapid  subsidence, 
or  what  is  more  likely,  seeing  that  it  is  followed  by  a 
break  in  deposition,  of  a  comparatively  rapid  upheaval 
above  the  surface  of  the  sea. 

(5)  Some  of  the  dolomite  in  the  rocks  is  of  a  secondary  char- 
acter, and  has  been  deposited  directly  from  solution  in 

fissures  and  cavities. 

(6)  The  specific  gravity  of  the  limestone  may  perhaps  be  used 

as  a  rough  guide  in  estimating  the  amount  of  dolomitisa- 
tion that  has  taken  place. 

A  very  constant  feature  of  the  Plateau  Limestone,  and  one 

which  requires  some  description  and  explana- 

ofd^o^tea  str,,cture  tion,  is  the  extraordinary  manner  in  which  it has  been  crushed,  to  such  an  extent  indeed 

that  it  is  difficult  to  find  a  piece  sufficiently  large  for  a  hand 
specimen  that  is  not  traversed  in  all  directions  by  a  network  of 
veins  or  fissures  filled  with  secondary  calcite  or  dolomite  ;  and 
when  the  filling  of  the  veins  has  been  leached  out,  the  rock  is  in 
so  pulverised  a  condition  that  a  single  blow  with  the  hammer 
is  often  sufficient  to  reduce  it  to  a  heap  of  ballast  or  road-metal. 

These  veins  are  frequently  1  faulted  '  across  by  others,  and  '  slicken- 
sided  '  surfaces  are  not  uncommon,  indicating  that  differential 
movements  have  taken  place  in  the  mass,  and  that  the  movements 
have  been  spread  over  a  period  sufficiently  long  to  allow  one  set 
of  veins  to  be  filled  with  solid  material  before  the  rock  was  again 
broken  up  and  a  fresh  set  formed.    I  do  not  refer  here   to  the 

1  (!.  <!.  Cullis,  The  Atoll  of  Funafuti  ;  Report,  Coral  llei-f  Committor)  Ho>i,  Sue.  London 1904,  Sect.  XIV,  p.  392. 
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bands  of  breccia  re-cemented  in  situ  that  are  sometimes  met  with  ; 

thesa  appear  to  have  been  formed  while  the  limestone  was  being 

deposited,  and  are  probably  of  the  nature  of  a  'reef-talus';  but  to 
the  general  brecciation  of  the  formation  as  a  whole. 

There  seem  to  me  to  be   two   possible   explanations  of  this 

.       *  .  phenomenon.     First,  that    the    brecciation  is Causes  of  pulverisation.  _  ,  1 
clue  to  the  effect  of  an  enormous  stress,  such 

as  would  be  set  up  by  the  great  earth  movements  that  took  place 
at  the  close  of  the  Mesozoic  period.    That  those  movements  had 

a  profound  effect  upon  the  rocks  of  the  whole  area  is  shown  by  the 

violent  folding  that  is  exhibited  by  the  sandstones  and  shales  of 

the  overlying  Jurassic  series  (the  Namyau  beds),  which  are  often 
vertical,  and  are  usually  inclined  at  high  angles.    On  the  other 
hand  the  Plateau  Limestones  are  not,  as  a  rule,  thrown  into  steep 

folds,   except   among   the   Eastern   Ranges,   where   they  generally 
conform  to  the  folding  of  the  rocks  beneath.     Over  the  remainder 

of   the   area   they   are  usually   inclined   at  gentle  angles,  seldom 
exceeding  30  degrees,  and  are  often  horizontal ;  but  here  and  there 
a  narrow  band  may  be  found  in  which  they  are  violently  contorted. 
It  appears  that,  where  the  limestone  was  of  great  thickness,  that 
is  to  say.  over  what  is  now  the  plateau  proper,  it  was  compelled 
to  yield  to  pressure,  not  by  folding  in  the  ordinary  way,  but  by 
faulting  and  by  a  general  crushing  of  the  formation  as  a  whole. 

But  there  is  another  cause  that  may  have  produced  this  result, 
either  bv  itself  or  bv  accentuating  the  effects 

Settlement      due     to  J  .  ,         ,.  ,11, 
solution.  of    tectonic    stresses,    depending  on  the  che- 

mical composition  of  the  rock  itself.  Ever  since 
it  was  first  formed,  or  at  any  rate  since  it  was  raised  above  the 

level  of  the  sea,  it  has  been  exposed  to  the  dissolving  action 
of  water  containing  carbonic  acid  in  solution  ;  and  the  amount  of 
material  that  has  been  removed  from  the  mass,  judging  by  the 

enormous  quantities  that  even  at  the  present  day  are  being  car- 
ried off  by  the  waters  that  percolate  through  the  rocks  and  flow 

away  in  the  rivers,  must  bear  a  very  considerable  proportion  to 
its  original  bulk.  The  removal  of  this  matter  in  solution  results  in 

a  general  settling  down  of  the  whole  mass,  more  accentuated  in 
those  places  where  fissures  allow  a  ready  passage  to  the  surface 

waters ;  and  there  is  perhaps  no  more  striking  feature  in  the 

scenery  of  the  Shan  plateau  than  the  enormous  number  of  cup- 
shaped  depressions,  due  to  this  cause,  varying  in  width  from  mere 
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'  sink-holes  '  of  a  few  yards  in  diamete  to  broad  valleys,  several! 
miles  in  length,  which  may  be  found  in  most  places,  but  chiefly 

along  the  crests  of  fault  scarps  or  near  the  edges  of  the  deep  can- 
yons in  which  the  larger  rivers  flow  (Plates  3,  4,  and  5).  The 

continual  settlement  caused  by  this  constant  removal  of  the  substance 
of  the  rock  does,  I  think,  account  satisfactorily  for  the  universal 

brecciation  observed,  and  at  the  same  time  for  the  evidence,  given 
above,  of  a  long  continuance  of  the  action  ;  and  it  is,  perhaps,  the 

chief  cause  to  which  the  general  crushing  of  the  limestone  must  be 
attributed. 

The  recrystallisation  of  the  limestone  as  dolomite,  described  above, 
is  so  universally  developed,  and  has  destroyed 

Destruction  of  organic  itg  originaI  structure  to  such  an  extent,  that  it remains.  _  ° 
is  exceedingly  rare  to  find  any  trace  of  organio 

remains  still  left  in  it.  As  a  general  rule  such  organisms  as  do  occur 
are  confined  to  the  upper  part  of  the  formation,  which  has  not  been 

converted  into  dolomite,  and  is  much  more  compact  and  less  coarsely 
crystallised  than  the  lower ;  but  where  the  alteration  is  complete  an 

occasional  ossicle  of  a  crinoid  stem,  or  the  faintly  visible  '  dirt-band  ' 
outlining  the  septa  or  the  circumference  of  what  was  once  a  coral 

are  all  that  can  be  detected,  with,  in  a  few  cases,  some  very  minute 
foraminifera,  only  visible  in  thin  sections  under  the  microscope. 

Throughout  the  whole  of  the  continuous  expanse  of  limestone,  extending 
from  Maymyo  to  the  Salween,  with  one  notable  exception,  not  a  single 
determinable  fossil  that  could  be  seen  with  the  unaided  eye  has  been 
found,  though  both  my  colleagues  and  I  have  examined  thousands 
of  outcrops  with  the  most  minute  care.  So  meagre  is  the  evidence 
of  the  existence  of  living  organisms  at  this  period,  that  one  might 
be  tempted  to  speculate  on  a  possible  precipitation  of  the  limestone 
from  the  waters  of  an  ocean  saturated  with  carbonate  of  lime,  if  the 

fact  that  the  remains  of  organisms  can  occasionally  be  detected  did 
not  at  once  prove  that  such  a  theory  could  not  be  maintained. 

This   paucity   of   organic   remains,    together   with  the   rarity  of 
outcrops  of  more  than  a  few  square  vards  in 

mS.°geneity  °f  f°r"    area>  the  homogeneity  of  the  whole  formation, and  the  irregularity  of  the  dislocations,  whether 

folds  or  faults,  that  have  affected  the  rocks,  render  any  attempt  to 
follow  up  definite  horizons,  or  to  establish  any  divisions  within  the  for- 

mation,  a  hopeless  task.  And  yet  it  bridges  over  a  period  of  conti- 
nuous deposition  of  very  considerable  length,  viz.,  that  extending  from o  2 
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the  close  of  the  Silurian  epoch,  as  shown  by  the  graptolites  of  the 

Zebingyi  beds,  to  the  Productus  and  Fusulina  limestones  of  Permo- 
Carboniferous  age.  It  is  extremely  likely  that,  when  the  Southern 
Shan  States  come  to  be  geologically  surveyed  in  detail,  it  will  be 

possible  to  separate  off  these  upper  limestones,  which  are  of  a  dif- 
ferent texture  and  composition  from  the  pure  micro-crystalline  dolo- 
mites beneath,  by  a  definite  boundary  line  ;  but  in  the  Northern 

States  the  upper  limestones  are  so  feebly  developed,  and  their  rela- 
tions with  the  underlying  rocks  are  so  greatly  concealed,  that  it 

is  at  present  impossible  to  say  where  one  ends  and  the  other  begins, 
or  even  whether  they  are  conformable  to  one  another  or  not. 
„  m  ,  At  the  western  edge  of  the  hills,  near  Tonbo 
.Sec  tion  .it  Tonbo.  °  . 

(Loc.  27,  H  5),  where  the  rock  m  places  is 

filled  with  specimens  of  Fusulina  elongata,  the  compact  and  splint- 
ery rocks  containing  the  fossils  seem  to  pass  imperceptibly,  both 

horizontally  and  vertically,  into  the  ordinary  micro-crystalline 
dolomites,  and  I  could  find  no  definite  line  of  division.  I  have 

therefore  considered  it  advisable  to  include  these  upper  fossiliferous 
rocks  for  the  present  with  the  rest  of  the  formation. 

Padaukpin  Coral  Reef. 

The  exception,  referred  to  above,  to  the  almost  universal  .barren- 

Middle      Devonian       ness   m  organic  remains  of  the  lower  part  of 
fauna :    .  this  enormous  mass  of  limestone,  is  of  a  truly 
Padaukpin.  remarkable   character.    At  the  close  of  the 

field-season  of  1900-01  I  had  halted  at  Wetwin,  a  village  about  12 
miles  cast  of  Maymyo,  in  order  to  collect  from  some  fossiliferous 
shales  which  I  had  discovered  during  the  previous  season,  when  the 

Myook,  or  native  Magistrate  of  the  place,  brought  me  a  handful 
of  fossil  brachiopoda,  among  which  1  recognised  a  well  preserved 

specimen  of  Atrypa  reticularis.  On  accompanying  him  to  the  spot 
where  these  fossils  had  been  picked  up,  just  outside  the  western 
gate  of  the  neighbouring  village  of  Padaukpin  (Loc.  30,  C  4),  I 

found  the  surface  of  the  ground  strewn  with  fragments  of  lime- 
stone containing  beautifully  weathered  out  brachiopoda,  corals,  etc., 

and  single  specimens  also  imbedded  in  the  surface  clay.  One  of 
the  first  specimens  that  I  picked  up  myself  was  an  unmistakeable 
Calceola  sandalina,  which  at  once  fixed  the  horizon  of  the  bed 

within  very  narrow  limits.  The  Myook  then  informed  me  that 
these  fossils  had  long  been  known  to  the  villagers  and  were  in  some 
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request  by  the  Burmese  as  charms  ;  and  that  in  the  time  of  King 
Mindoon  Min,  that  is  to  say,  about  the  middle  of  the  last  century, 

orders  had  been  given  to  have  excavations  made  at  the  spot,  as 
it  was  thought  that  such  an  abundance  of  these  strange  objects 
indicated  the  presence  of  treasure  of  some  kind  hidden  below ; 
and  traces  of  excavations  were  certainly  still  visible.  On  the  first 
opportunity,  I  caused  several  cartloads  of  the  surface  soil  to  be  carried 
down  to  a  running  stream  near  by  and  washed  in  baskets,  when  it 
became  easy  to  pick  out  the  fossils  scattered  through  the  washed 
gravel  in  the  utmost  profusion.  I  also  had  several  pits  opened  in 
the  solid  rock,  but  although  it  could  be  seen  that  it  was  filled 
with  fossils,  it  was  only  on  the  weathered  surface,  or  in  crevices 

to  which  air  and  water  had  penetrated,  that  they  were  suitable  for 
collection. 

In  this  manner  a  rich  and  varied  assemblage  of  fossils  was 

„    .,  obtained,  and  the  number  of  individual  speci- lossils.  .  - 
mens  in  some  cases  was  extraordinary,  perfect 

examples  of  some  species,  Cyrtina  heteroclita  for  instance,  being 
washed  out  literally  in  hundreds.  This  collection  was  afterwards 

sent  to  Mr.  Cowper  Reed  for  description,  and  the  results  of  his 

researches  have  been  published  in  the  Palceontobgia  Indica1  ;  but 
before  proceeding  to  an  enumeration  and  discussion  of  the  fauna, 

some  description  of  the  locality  is  necessary. 
The  village  of  Padaukpin  lies  exactly  a  mile  to  the  east  by 
„.x  .  .„  south   from   Wetwin  railway   station,   and  is situation  oi  village.  if  -i  -i 

therefore  easily  accessible  from  Maymyo,  the 

summer  head-quarters  of  the  Government  of  Burma,  while  there 

is  a  good  travellers'  rest  house  at  Wetwin  itself,  about  two  miles 
from  the  fossil  locality.  The  surrounding  country,  up  to  the  very 
gates  of  the  village,  is  densely  wooded,  except  along  the  valley  of 
the  Kelaung  stream,  flowing  eastwards  from  Maymyo,  which  is 
covered  with  rice  fields  ;  and  the  people  of  the  village  are  mainly 
engaged  in  the  felling  of  timber.  Immediately  to  the  north  of 
Wetwin  station,  and  extending  westwards  along  the  railway,  there 
is  a  precipitous  limestone  scarp,  but  this  dies  away  rapidly  to  the 
east,  and  about  Padaukpin  the  country  is  so  featureless  and  the 

forest  so  dense  that  without  a  guide  it  is  easy  to  lose  one's  bear- 
ings.   In  all  this  tract  outcrops  of  solid  rock  are  exceedingly  rare, 

1  Tho  Devonian  Faunas  of  the  Northern  Shan  States,  Pal.  hid.,  New  Scr.,  Vol.  II, Moinoir  No.  5. 
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except  along  the  bed  of  the  stream,  where  they  are  much  concealed  by 
thick  deposits  of  calcareous  tufa ;  and  I  have  been  unable,  after 
the  closest  search,   to  identify  the  fossiliferous  bed  of  Padaukpin 
anywhere    else   in    the   neighbourhood,    or    even  to   ascertain  its 

position  relative  to  the  nearest  outcrops.  The Character  of  outcrop.  ..         .  .    ,  ,   .      ,  . 
portion  of  the  bed  exposed  is  about  5U  yards 

in  length,  extending  northwards  from  the  west  gate  of  the  village, 
and  a  thickness  of  not  more  than  6  feet  or  so  is  visible.  The 

rock  has  a  gentle  dip  eastwards,  which  is  that  of  all  the  outcrops 
seen  in  this  direction  for  several  miies,  as  far,  in  fact,  as  the  base 

of  the  great  scarp  crossed  by  the  railway  at  Kyauk-kyan. 

The  fossils   from   this  locality,   described  and    figured  by  Mr. 

,   ,  Cowper  Reed,  leave  no  room  for  doubt  as  to Age  of  Padaukpin  reef.        ,  .  .        .  .  ,     .  t  , 
the  age  oi  the  bed  m  which  they  are  tound. 

In  an  exhaustive  summary  of  the  results  of  his  investigation  of 
the  collection  Mr.  Reed  comes  to  the  conclusion — 

That  there  cannot  be  any  hesitation  in  regarding  the  Padaukpin  beds  as 
homotaxial  with  the  lower  part  of  the  middle  Devonian  or  Calceola  stage  of 
Western  Europe  .  .  .  for  all  the  characteristic  fossils  of  this  stage  (Calceola 
sandalina,  Cyrtina  heteroclita,  Ortholhetes umbraculum,  etc.)  are  specially  abundant 
and  there  are  very  few  definitely  recognised  species  which  are  only  known  from 

higher  middle  Devonian  beds."    (Op-  cit,  p.  144.) 

The  following  list  (Table  8),  shows  the  species  that  have  been 
, ,    .,  found   at  Padaukpin,   with   their  distribution List  of  fossils.  .         .  i  , 

m  other  parts  of  Asia,  North  America,  and 

Australia.  In  column  2  those  species  which  are  l'mited  to,  or  are 

specially  characteristic  of,  the  uppermost  zone  of  the  Calceola"  stage 
in  Western  Europe  are  marked  U,  while  the  species  enumerated  in  the 

third  column  do  not  occur  in  Europe  below  the  upper  part  of  the 

middle  Devonian,  or  belong  to  higher  horizons  ;  new  species  are  printed 
in  heavier  type. 



Table  8. 

List  and  Distribution  of  Padaulqnn  Fauna. 
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Table  8. 

List  and  Distribution  of 

Western  Eukope. 

Padaukpin. 

Ca
lc
eo
la
  

st
ag
e.
 

Upper  
Middle  

Devo- 

nian or  
higher  

hori- 

zons. 

ACTINOZOA. 

Cyathophyllum  ceratites  Goldf. X 

;> „       var.  marginatum • X 

5) bathycalyx  Freeh. X 

!) caespitosum     Goldf.,  var. 
Freeh.  .... 

breviseptatum 

33 helianthoides      Goldf.,  var 
Reed.  .... 

spinulosum 

» cylindricum  Schulz. 

55 (?)  dianthus  Goldf. X 

33 birmanicum  Reed. 

33 
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Padaukpin  Fauna. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Remarks. 
Western. Central. Eastern. 

Ar
me
ni
a.
 

.25 
u CD 

P4 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

X 

X 

X X ?X 

X ?X cf.    C.  helianthoid.es 

Up.  Calceola  stage. 

X 

X 

aff.     C.  aquisyranenst 
Freeh.     Up.  Dev. Germany. 
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Table  8 — continued. 

List  and  Distribution  of 

Western  Europe. 

Padattkpin. 

Actinozoa — contd. 

Cyathophyllum  (Blotlirophyllum)  sp. 

Endophyllum  (?)  acanthicum  Freeh. 

Diphyphyllum  symmetricum  Freeh. 

Zaphrentis  aft",  cornicula  Lesueur. 

„        sp.  ind. 

Anvplexus  hercynicus  Roem. 

Hallia  quadripartita  Freeh.  . 

„     (?)  striata  Schliiter.  . 

„     (?)  callosa  Ludwig. 

Aulacophyllum  looghiense  Schliiter. 

Cystiphyllum  cristatum  Freeh. 

„        vesiculosum  Goldf.  . 

U 

X 

U 

X 

X 

X 
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Padaukpin  Fauna — continued. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Remarks. 

Western. Central. Eastern. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

of.     B.  giganleum 
Lesueur,  Mid.  Dev. 

X 

X Onondaga  Limest. 

Mid.  Dev. 

X 

X 

X X X 
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Table  8 — continued. 

List  and  Distribution  of 

Padaukpin. 

Western  Europe. 

Ca
lc
eo
la
  

st
ag
e.
 

Upper  
Middle  

Devo- 

nian or  
higher  

hori- 

zons. 

Actinozoa — contd. 

Cystiphyllum  (?)  csespitosum  Schliiter.  ..... X 

Microplasma  fractum  Schliiter.  ...... 
u 

Calceola  sandalina  Lam.  ....... X 

Favosites  Goldfussi  D'Orb.,  var.  major  Freeh. 
X 

Pachypora  reticulata  deBlainv.  ...... U 

Pachypora  polymorpha  Goldf .  ...... u 

Alveolites  suborbicularis  Lam.  ...... X 

„      ramosa  A.  Roemer.  ...... X 

„      subplanata  Reed.  
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Padaukpin  Fauna— contin ued. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Remarks. 

Western. Central. Eastern. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. Hi

nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

X 

X X X X X X 

X X X X X X X 

X 

X 

cf.    Cladopora  palmata 
and  CI.  magna  Hall 

and  Whitf.,  Che- 
mung      beds,  N. America. 

X afT.       Cladopora  ex- 

patiata. 
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Table  8 — continue  i. 

List  and  Distribution  of 

Padatjkpin. 

 .  i  

Western  Europe. 

Ca
lc
eo
la
  

st
ag
e.
 

Upper  
Middle  

Devo- 

nian or  
higher  

hori- 

zons. 

Actinozoa — contd. 

„      (?)'(?)  clathrata  Stein  
X 

Ccenites  escharoides  Stein  X 

,,     expansa  Freeh. X 

(?)  Stnatopora  (?)  vermiculans  McCoy.  .... X 

„            cf.  angulosa  Giirich.  .... 

Trachypora  Davidsoni  M.  Edw.  and  H  

Raphidopora    crinalis    Schliiter,   var.  aculeata  Nich.  and 
Foord  X 

Aulopora  serpens  Goldf.  ....... X 

„      cf.  tenuis  Miinst.  ....... 
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Padaukpin  Fauna — contimied. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Remarks. 

Western. Central. Eastern. 

.3 
0 
2 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

be 

is 
aff.  ̂ 4?.  subequalis  M. 

Edw.  and  H. 

X 

X 

aff.  Sir.  linneana  Bill., 
Hamilton  Group. 

Devonian,    France,  cf. 
T.    ornata  Rom.,  N. 
America. 

?X 
X X X X 

Germany.  Dev. 
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Table  8 — continued. 

List  and  Distribution  of 

Western  Europe. 

Padaukpw. 

ol
a 
 

st
ag
e.
 

:r 
 

Mi
dd
le
  De
vo
- 

i  
or
  

hi
gh
er
  ho
ri
- 

Ca
lc
e 

as  a CVS  ° 

j3  a  N 

Actinozoa — concld. 

Aulopora  subcampanulata  Reed  

Cladochonus  aff.  Schliiteri  Holz.  ...... X 

Anlocystis  cornigera  Schiilter.  ...... X 

Romingeria  (?)  sp. 

Heliolites  interatinctus  Linne.  ...... 

Hydrozoa. 

Stromatoporella  (?)  curiosa  Barg.  ...... 
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Padaukpin  Fauna — continued. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Remarks. 

Western. Central. Eastern. 

Ar
me
ni
a.
 

N.  Persia 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

a 
tl 
c 

a 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

aff.    A.  ccmpanulata 

McCoy,  Carb.  Limest ; 
A.     conferta  Winch., 
Hamilton  Group. 

X 
Typically  Silurian. 

aff.  Str.  (Cccnostroma) 
incrnstans    Hall  and 

Whitf.,  Dev.  of  Iowa. 

p 
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Table  8 — continued. 

List  and  Distribution  of 

Padaukpin. 

Hydrozoa — concld. 

Stromatoporella  (?)  eiieliensis  Nich. 

„  cf.  granulata  Nich. 

sp. 

Actinostroma  clathratum  Nich.. 

sp.  ... 

Crinoidea. 

Storthingocrinus  fritillus  Wirtz.  and  Zeiler 

Cupressocrinus  (?)  Schlotheimi  Stein.  . 

„  cf.  crassus  Goldf.  . 

Bactrocrinus  birmanicus  Reed 

Western  Europe. 



DEVONIAN  SYSTEM :  PLATEAU  LIMESTONE. 
211 

Padaukpin  Fauna — continued. 

ASIA. 

N.
  

Am
er
ic
a.
 

A
u
s
t
r
a
l
i
a
.
 
 

1
 

Remarks. 

Western. Central. Eastern. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

■ 
 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

X 

: 

X 

X •• Hamilton  Group. 

cf.  Sir.  laminata  Barg. 

X X X 

cf.  A.  verrucosum  Goldf., 
Mid.  Dev. 

Mid.  Dev.,  Devonshire, 
Eifel. 

Mid.  Dev.,  Eifel. 

aff.    B.   fusiformis  F. 
Itoem.,    Mid     Dve , 
Eifel. 

p  2 
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Table  8 — continued. 

List  and  Distribution  of 

• 

Padaukpin. 

Western  Europe. 

Ca
lc
eo
la
  

st
ag
e.
 

Upper  

Middle  

Devo- 

nian or  
higher  

hori- 

zons. 

Crinoidea — contd. 

Hexaerinus  aff.  pyriformis  Schultze  ..... 

„          aff.  elongatus  Goldf.  ..... 

cf.  spinosus  Goldf.  ...... 

Lecv  thocrinus  sp.  ..... 

1 
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Padaukpin  Fauna — continued. 

ASIA. 

Western. Central. Eastern. 

Remarks. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Mid.  Dev.,  Gerolstein. 

Dev.,  Eifel. 

de
le
s.
 

cf.      T.  gracilis 
tn O 

Schultze. 

terns  
and 

Oil 

F.  Rocni. 

Isolated 

i 
Mull.  J 
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Table  8 — continued. 

List  and  Distribution  of 

Western  Eueope. 

Paduakpin. 

eo
la
  

st
ag
e.
 

er
  

Mi
dd
le
  De
vo
- 

n 
 
or
  

hi
gh
er
  ho
ri
- 

Ca
lc
 

Vermes. 

Spriorbis  omphalodes  Goldf.  ....... X 

Ortonia  cf.  devonica  Pacht.  ...... 

Bryozoa. 

FistuLtoora  auaerenda  Reed.  

„  memorReed  

„       cf.  vesiculata  Hall.  ...... 
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Pad  auk  pin  Fauna — continued. 

ASIA. 

Western. 

a 

Central. 

02 

c 
c3 

X 

s 
9 >A 

c 
3 

Eastern. 

c 

e3 

3 O 

X 

X 

a 
a a a 

60 

c 

X 

X 

X 

X 

11 

o M B H 

►J 

03 

P 

<5 

X 

Remarks. 

1  =  Cornulites  epithonia 
Golfd.,  Dev.,  China. 

of.  Lichenalia  colliculata 

Hall,  Hamilton  Croup. 

cf  Lichenalia  vesiculata 
Hall,  Hamilton  Group. 

cf.  Pinacotrypa  serrulata 
Hall. 

Hamilton  Group. 

Mid.  Dev.,  Rhine. 
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Table  8— continued. 

List  and  Distribution  of 

Padaukpin. 
1 

Western  Europe. 

Ca
lc
eo
la
  

st
ag
e.
 

Upper  
Middle  

Devo- 

nian or  
higher  

hori- 

zons. 

Bryozoa — contd. 

Fistulipora  (?  Fiatuliporella)  deterrens  Reed. 

Eridopora  multidecorata  Reed  

Selenopora  coelebs  Reed.      .  ..... 

Hederella  cf.  magna  Hall.  ....... 

Eenestella  artbritica  Phill.  ....... 



DEVONIAN  SYSTEM:  PLATEAU  LIMESTONE.  217 

Padaukpin  Fauna —  continued. 

ASIA. 

Western. Central. Eastern. 

Remarks. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
- 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

afE.  F.  constricta  Hall, 
Hamilton  Group. 

Hamilton  Group. 

geometrica  Hall, 
Hamilton  Group. 

cf.        S.  circincta 
Hall,  Up.  Helderberg Group. 

Helderberg  Group. 

X Hamilton  Group. 

Mid.  Dev.,  Devonshire. 
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Table  8 — continued. 

List  and  Distribution  of 

Western  Europe. 

Padaukpin. 

o a o 

Bryozoa — contd. 

Fenestella  aft.  polyporata  Phill.  . 

Fenestrapora  isolata  Keed.  . 

Hemitrypa  oculata  Phill. 

„       inversaReed.  . 

Unitrypa  sp. 

Polypora  populata  Whidb.  . 

birmanica  Reed  . 

ultimata  Reed 
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Padaukpin  Fauna — continued. 

ASIA. 

Western. Central. Eastern. 

Remarks. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Mid.  Dev.,  Devonshire. 

aff.     F.  occidentalis 
Ulrich,  Hamilton Group. 

Mid.  Dev.,  Devonshire. 

Hamilton  Group. 

striatopora  Hall,  Up. 
Helderberg  Group. 

Up.  Helderberg  Group. 
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Table  8 — continued. 

List  and  Distribution  of 

Padaukpin. 

Western  Europe. 

Ca
lc
eo
la
  

st
ag
e.
 

Up
pe
r 
 M
id
dl
e 
 De
vo
- 

nian
 or 

 
hi
gh
er
  ho
ri
- 

zo
ns
. 

Bryozoa — concld. 

Polvpora  (Rctcporidra)  sp.  . 

Ptilopora  sp.  ........ 

Streblotrypa  sp.  . 

(?)  Heterotrypa  sp.  ....... 

Brachiopoda. 

Stropheodonta  intorstrialis  Phill.,  var.  birmanica  Reed 

„          subtetragona  F.  Roemer.  var.  padauk- 
pinensis  Reed  X 
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Padaukpin  Fauna — continued. 

ASIA. 

Western. 

3 

p 
C 

Central. 

a 
p 

c 

a> 

P 

C 

cS 

P o 

en 

.1  
c 

o 

Eastern. 

Remarks. 

bp 

3 

is 

W 
t-3 M H 

<1 

afT.  P.  adnata  Hall,  Up. 
Helderberg  Group. 

cf.  S.  scutulata  Hall, 
Hamilton  Group. 

S.  inter  strialts,  Lower 
and  Mid.  Dev.,  Europe ; 
afT.  S.  concava  Hall, 
Hamilton  Group ;  S. 
hcrcynica  Barrpis,  Lr. 
Dev.,  N.  France. 

S.  subtetnujona,  Calceola 

St.,  Eifel. 
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Table  8 — continued. 

GEOLOGY  OF  NORTHERN  SHAN  STATES. 

List  and  Distribution  of 

Padaukpin. 

Brachiopoda —  contd. 

Stropheodonta  (Leptostrophia)  palma  Kayser 

Strophonella  caudata  Schnur. 

Leptama  rhomboidalis  Wilckens.  . 

Orthothetes  umbraculum  Scbloth. 

Kay8erella  (?)  lepida  Schnur. 

Chonetes  minuta  Goldf. 

„         sarcinulata  Schloth. 

Orthis  (Schizophoria)  striatula  Scbloth. 

„     (?  Schizophoria)  sp.  . 

,,     (Rhipidonella)  eifeliensis  de  Vern 

Scenidium  areola  Quenst. 

Western  Europe. 

X 

u 

X 

U 

X 

X 

X 

X 
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Padaukpin  Fauna — continued. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

Remarks. 

Western. Central. Eastern. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
si
. 

X X X X Cosmopolitan,  Sil-Carb. 

X X X X X Occurs  in  Spiti  Cent. 
Himalaya. 

X X X X X X X 

aft".  0.  striatula. 

-  • 
Mid.  Dev.,  Devonshire. 
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Table  8 — continued. 

List  and  Distribution  of 

Western  Europe. 

Padaukpin. 

Ca
lc
eo
la
  

st
ag
e.
 

Upper  
Middle  

Devo- 

nian or  

higher  
hori- 

zons. Brachiopoda — contd. 

Pentamerus  (Gypidula)  brevirostris  Phill. X 

„          (       „      )  biplicatus  Schnur.  .... 

TJ 

Camarophoria  lummatoniensis  Dav.  . 

„         cf.  brachyptycta  Schnur.  .... 

^ .                  L"l  ■  ClDL/CllV-lC'llo  \  J      III.                 •             •              *              •  • X 

Rhynchonella  (Hypothyris)  cuboides  Sow  
u 

(       „       )  var.  (: )  lungtungpicnsis  ivayscr 

„       {       „       )  pentagona  Goldf.  .... 
X 

„      (       „      )  Sohnuri  de  Vern.  .... 
X 

„      (      „      )  Schnuri  var.  transversa  Reed 
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Padaukpin  Fauna — continued. 

ASIA. 

N.
  

Am
ek
ic
a.
 

< 

« H 

02 

«5 

Remarks, 

Western. Central. Eastern. 

£ 
a 
< N.

  
Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

| 
 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

c « 

M 

X X 

*k 

X aft.  /J.  galeatus. 

X 
-  X 

?X 

Mid.  Dev.,  Devonshire. 

Mid.  Dev.,  Eifel. 

X X ?x 

cf.  Rh.proouboides,  Dev. 

Urals ?x 
•  • cf.  lilt,  dubia,  Urals. 
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Table  8 — continued. 

List  and  Distribution  of 

Western  Europe. 

Padaukpin. 

>Ia
  

st
ag
e.
 

i 
 

De
vo
- 

ir 
hor

i- 
• 
 

Mi
dd
lt
 

or
  hi
gh
i 

<u 

o 

"3 

Up
pe
i 

ni
in
 

zo
ns
. 

Brachiopoda — contd. 

Rhynchc  nella  (?Camarotoechia)  subsignata  Reed . 

„         (         „          )  subsignata  var.  . 

X 

„       (?)  var.  desquamata  Sow.  ...... X 

,,       aspera  Scliloth.  var.  sinensis  Kayser.  .... 

.,     padaukpinensis  var.  dagon  Reed  
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Padaukpin  Fauna — continued. 

ASIA. 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

REMARK3. 

Western. Central. Eastern. 

|
 
 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

SB 

c 

cS 

M 

aff.    Rh.  Walilenbergi 

var.   signata  Schnur 
Mid.  Dev.,  Eifel. 

aff.  Rh.  Omaliusi,  Upper 

Dev.,   N.  France. 

X X X X X X 
Cosrropolitan,  Sil.-Dev. 

X X X X 

X X X X X X A.   aspera    occurs  in 

[ . 

SsT^l^l      I    fit!  t"       HlfYlQ  IqX'Q OlJlLlj  VytllL.    XJ.lIIl<lIcl\  d. 

Mid.  Dev.,  Devonshire. 

q2 
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Table  8 — continued. 

List  and  Distribution  of 

Western EtTROl'E. 

11 
Padaukpin. 

-  _ 

aj 

o  £ 

bU 

eS 

~  ~i 

~  ■- 
DO 

o O 

s> 

S  c  2 

o 

o3 

O 

S-S  1 

Brachiopod\ — contd. 

Spirifer  (Reticularia)  curvatus  Schloth.  .... X 

\             j)           )  a\  ItcUS  IVdvacI.  ..... 
TT u 

,,      (Martinia)  inflatus  Schnur.  ..... X 

cf.  Batschati  v.  Peetz.  ...... 

Cyrtina  heteroclita  Defr.  ....... U 

„                     var.  multiplicata  Dav.  .... 

Athyns  concent  rica  v.  Buch.  ...... X 

Nucleospira  Jens  Schnur.  ....... X 
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Padeukpin  Fauna — continued. 

ASIA. 

Western. 

3 

x 

x 

X 

Central.  Eastern 

CO 

X  X 

■- 

X 

« 
H 

X 

X 

X 

X 

X 

X 

X 

?x 

prob.  =  Kucleos;  *p*r«J 
talcwaner&is  Knyscr, 

Dev..  China. 

Mid.  Dev..  Devonshire. 

prob.=^.  sfiriferoides 
Eaton.  Dev.,  America. 

afi.  Ar.  concinna  Hall, 
Hamilton  Group. 
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Table  8 — continued. 

List  and  Distribution  of 

Meristella  cf.  Haskinsi  Hall. 

(?)     „    subdidyma  Reed 

„     cf.  upsilon  Ban. 

(*)  subservata  Reed 

,,     aff,  lacryma  Sow. 

(?)     „    sp.      .  . 

Pelecypoda. 

Avicula  sp. 

Western  Europe. 
6  t 

>  o 

— 
Padavkpin. 

mi 

<D  J£ 

a 

-*-» 

CG 

-  -.1 

-z  ■- 

"3 

SB  • 

O) 

o 
0»   C3  CO 

c 

"3 

o 

ev£  S 

Brachiopoda — concld. 

Ptychospira  iongirostris  Kayser,  var.  ..... u 

Merista  (Dicamara)  plebeia  Sow.  ...... X 
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Padaukpin  Fauna — continued. 

Western. 

ASIA. 

Central. 

-a 

P H 

c 

C 
«8 

C 

a 
- 

X 

Eastern. 

>u
an
. 

ia
n.
 

°S5 

Se
Tc
lK
 

c 

Yu
nr
 

M 

X 

X 

Remarks. 

Hamilton  Group. 

aff.  M.  didyma  Dalman, 

?Dev.,  Urals. 

Dev.,  Geissen.  Occurs 
in  Altai  Mts. 

cf  Atrypa  serva  Barr. 

Mid.  Dev.,  Devonshire. 
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Table  8 — continued. 

List  and  Distribution  of 

PA  DAI'].  PIN, 

Gastropoda. 

Platyceras  romprcssum  Roem. 

orientale  Reed  . 

Loxonema  aff.  rngiferum  Phill. 

cf.  funatum  Room, 

sp. (a) 

(or  Holopclla)  sp.  (b) 

Western  Europe. 

Pelecypoda- — conid. 

Conocardium  rhenanum  Bensh.  var. 

„        afi.  eifeliense  Bensh. 

Paracyelas  proavia  Goldf.  . 

,,         mgosa  Gloidf. 

to 

c3 

c6 

ZJ 

?  X 

X 

X 

X 
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Padaukpin  Faun  a — continued. 

ASIA. 

Western. 

X 

X 

aa 

S3 

M 

S3 

-a 

a 
w 

3 

Central. 

a 
a 

e3 

3 3 

.* 

ho
 

a 

'C 

o 
<B 

EH 

m <u 
CO 

Eastern. 

a 
c c s 

c « 
03 
P 

Remarks. 

Lr.  Dev.,  Rhino. 

cf.  PI.  trignnum  Roen; 

Dev.-Carb. 

Lr.  Dev.,  Earz. 

cf.  //.  Sandbergcri  Uolz., 

Up.  Mid.  Dev.,  Rhino. 



234  LA  TOUCHE:   GEOLOGY  OF  NORTHERN  SHAN  STATES. 

Table  8 — continued. 

List  and  Distribution  of 

r.YDATJKPIN. 

Gastropoda — contd. 

Pleurotomaria  (Euomphalopterus)  cf.  subulata  de  Vern. 

sp.  (a)  

sp. (6)   

Murchisonia  sp.   .  ..... 

Euomphalus  radiatus  Goldf. 

„  Wahlenbergi  Goldf. 

Bellerophon  lineatus  Goldf.  . 

(?)  Macrocliilina  sp. 

Dentaiium  sp. 

Western  Europe. 

c3 
o 

X 

X 

p  -a 

C  9 

T3  J 

»  C  2 as  g 

X 
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Padaukpin  Fauna — continued. 

ASIA. 

Western. Central. Eastern. 

Remarks. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 

j
 
 Se
  

Tc
ho
ua
n.
 

Yu
nn
an
. 

Kw
an
g-
d.
 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

•  • 

Lr.  Dev.,  France. 

aff.  M.  bilineata  Sandb. 

Dev.,  Rhine  ;  M.  loxo- 
menoides  Whidb.,  Mid. 
Dev.,  Devonshire. 

aff.  M.  arculata  Schloth., 

Up.  Mid.  Dev, 

Mid.  Dev.,  Eifel. 
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Table  8 — concluded. 

List  and  Distribution  of 

RaDAI'KPIN. 

Cephalopoda. 

Orthoceras  aff .  laterale  Phill. 

sp  

Anarcestes  cf.  lateseptatus  Beyrich. 

Agoniatites  sp. 

Arthropoda. 

Phacops  latifroiis  Br<mn.  var. 

„  (Dalmanites)  cf.  stellifer  Burm. 

„      (       ,,       )  punctatus  Stein.  , 

Western  Evrope. 

X 

U 
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Padaukpin  Fauna — concluded. 

ASIA. 

Western Central. Eastern. 

Remarks. 

Ar
me
ni
a.
 

N.
  

Pe
rs
ia
. 

Hi
nd
u 
 Ku
sh
. 

Tu
rk
es
ta
n.
 

1 

Ti
an
  
Sh
an
. 

Ku
en
  Lu

n.
 

Si
be
ri
a.
 G 

c£ 

O 
O 
H 
o 

go 

Yu
nn
an
. 

Sfj 

c 

N.
  

Am
er
ic
a.
 

Au
st
ra
li
a.
 

 .  

Dev.,  Cornwall. 

» 

Occurs  in  the  Altai 

Mts. 

cf.  A.  inconstans 

Phill.,  var.  costulatus 

D'Arch.,  Dev.,  Corn- 
wall. 

| 

! 
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Mr.  Cowper  Reed  has  already  discussed  the  composition  and 
.  _  .  .  zoogeographical  elements  of  this  fauna  at  page 
Affinities  of  fauna.        -,et  e   ,  •     nT        •  i    T  ,  1° 154  et  sec/.,  of  his  Memoir,  and  I  have  little 

to  add  to  his  remarks.  He  calls  attention  to  the  predominance 

of  European  types,  no  less  than  56  species  from  the  Calceola  stage 
of  Western  Europe  being  represented  out  of  a  total  of  166,  while 

62  other  species  are  either  identical  with,  or  closely  allied  to,  species 
occurring  in  the  Devonian  of  Europe  at  other  horizons.  Only  twelve 
of  these  are  enumerated  by  Mr.  Reed  as  not  found  below  the  upper 
part  of  the  middle  Devonian  or  belonging  to  higher  horizons. 

On  the  other  hand,  the  American  element  is  represented  mainly 
by  allied  forms,  and  the  resemblance  is  most  close  among  the 
Bryozoa,  certain  of  the  Padaukpin  genera  (e.g.,  Selenopora  and 
Buskofora)  not  having  been  previously  detected  outside  the  American 
continent. 

Too  much  stress,  however,  must  not  be  laid  upon  the  affinities 

Organisms  preserved  at    or  the  composition  of  the  fauna  discovered  at 
Padaukpin.  this  single  locality  in  discussing  the  distribu- 

tion of  invertebrate  life  at  this  period.  It  should  be  remem- 
bered that  the  Padaukpin  fauna  has  only  been  found  at  one 

spot,  covering  an  area  of  perhaps  100  square  yards,  and  that  it 
may  throw  little  light  upon  the  nature  of  the  organisms  that 
produced  the  bulk  of  the  enormous  mass  of  limestone  that 

extends  over  the  Shan  States.  I  have  already  pointed  out,  as 

Mr.  Cowper  Reed  remarks  (Op.  cit.,  p.  154),  that  those  organisms  of  which 
the  casts  only  have  been  found  at  Padaukpin,  such  as  the  mollusca, 

are    those    in    which    the    original   shell  was 
Instability  of  aragonite.  ,       .  ,  ,    „  , 

composed,  either  partly  or  wholly,  of  aragon- 
ite.     Several    observers 1    have    shown  that  the  absence    of  the 
remains    of    certain    classes  of    organisms  from   limestones  may  be 

explained  by  the  difference  in  stability  between  calcite    and  ara- 
gonite  ;  and  it  seems  possible  that  the  predominating  forms  of  life 
which   produced   the   great  bulk   of   the   Plateau   Limestone  were 
mollusca,  and  that  the  Padaukpin  fauna,  rich  as  it  is,  gives  a  very 

incorrect  picture  of  the  life  of  the  period  in  the  Burmese  region. 
_  In  the  railway  cuttings  through  the  limestone Remains  of  mollusca.  .  ,  0  ,        ,,  •  t 

on  the  zig-zags  above  bedaw  the  remains  ot 

1  Gustav  Rose,  t)ber  die  hetoromoi  phcn  Zustiinde  der  kohlensaufen  Kalkerde ; 
Abhandl  K.  Preuss.  Akad.  Berlin,  1858.  p.  63  :  H.  C.  Sorby,  Presidential  Address,  Geol. 
Soc.  Lond.,  1878  :  V.  Cornish  and  P.  F.  Kendall,  on  the  Mineralogieal  Constitution  of 
Calcareous  Organisms  ;  Gcol.  Mag.,  3)ec.  3,  Vol.  V,  p.  tit'. 
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mollusca, — gastropods  and  bivalves, — may  be  frequently  seen  in  sec- 
tion on  the  face  of  the  locks,  and  though  they  are  entirely  con- 

verted into  crystalline  calcite,  merely  their  outlines  being  left,  they 
show  that  these  forms  of  life  must  have  been  much  more  abund- 

ant than  one  would  be  led  to  suppose  from  a  study  of  the  Padauk- 
pin  fauna  alone. 

This  consideration  does  not  of  course  detract  in  any  way  from 
the  significance  of  the  fact  that  we  have  here 

Significance  of  fauna.  .  ,      .  ...         ,  {    ,  , 
a  fauna  as  closely  resembling  that  of  the  Litel 

as  does  that  of  the  middle  Devonian  of  Devonshire,  although 

Padaukpin  is  separated  from  the  former  by  an  interval  of  90 

degrees  of  longitude  and  35  of  latitude. 
Nothing  is  yet  known  regarding  the  position  of  the  Padaukpin 

bed  in  the  great  mass  of  limestone  that  sur- 

faHariZ°n  °f  Padaukpin    rounds  it.    The  base  of  the  Plateau  Limestone 
is  not  exposed  for  a  distance  of  many  miles 

in  any  direction,  and  the  dips  are  so  irregular  and  the  existence  of 
concealed  faults  so  probable  that  it  is  impossible  to  say  what  horizon 
the  reef  occupies.  The  nearest  f ossiferous  beds  are  the  shales  of 
Wetwin,  now  to  be  described,  and  the  fauna  of  these  is  so  entirely 
different  that  it  gives  us  no  clue  to  the  solution  of  the  problem. 
It  might  be  solved  if  a  similar  bed  were  found  in  any  of  the 
fault  scarps,  or  on  the  sides  of  the  gorges  that  penetrate  the 

plateau,  but  though  my  interpreter,  who  was  greatly  interested  in  the 
fossils,  and  carried  off  several  of  those  found  at  Padaukpin  for 
the  edification  of  his  Burmese  friends,  made  many  enquiries  from 

the  natives,  who  are  very  keen  prospectors,  and  though  1  have 
searched  many  a  scarp  myself,  we   never   succeeded  in  discovering 

distinct  traces  of  similar  fossils  at  any  other 

in  KTrukkyIirsca^tlVCS  locality-  Near  the  foot  of  the  great  Kyaukkyan scarp,  on  the  descent  from  Enghpo  to  Hkelawng, 

]  1  miles  east  of  Padaukpin,  I  did  indeed  pick  up,  from  the 
talus,  a  single  specimen  of  the  cast  of  a  large  gastropod,  not 

unlike  one  of  those  found  at  Padaukpin,  but  quite  unfit  for  deter- 
mination. Unfortunately  this  happened  before  I  had  made  the 

discovery  at  Padaukpin,  and  I  was  never  able  to  revisit  the  locality. 
But  it  would  be  worth  while  to  make  a  careful  search  along  the 
scarp  here ;  for  if  the  bed  from  which  this  fossil  came  were  found 
in  situ,  it  might  be  possible  to  ascertain  its  horizon,  seeing  that  a 

fairly  complete  section  is  exposed,  from  the  Naungkangyis  below  to 
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the  lower  part  of  the  Plateau  Limestone,  though  much  obscured 
by  talus.  A  few  very  poorly  preserved  corals  were  also  found 
near  the  western  edge  of  the  plateau,  south  of  Nyaungbaw  (Loc. 

28,  B  5),  but  though  recognisable  as  Cyathophyllum  or  Zaphrentis, 
they  cannot  be  identified  with  any  of  those  from  Padaukpin. 

Mr.  Cowper  Reed  has  remarked  (Op.  cit.,  p.  145)  on  the  apparent 
intermingling  of   species   from   different  zones 

a  SngleSho5Sed  at  Padaukpin,   and  has  suggested   in  corre- spondence  that  some  of  the  fossils  in  the  col- 

lection may  have  been  derived  from  other  zones  in  the  neighbour- 
hood. I  do  not  think  that  this  is  possible,  even  though  manv  of 

the  fossils  were  not  actually  extracted  from  the  rock  in  position. 
The  exposure  at  Padaukpin  is  situated  near  the  summit  of  a 

gentle  rise,  on  which  the  village  is  built,  and  there  is  no  higher 
ground  in  the  immediate  vicinity  from  which  some  of  the  fossils 
might  have  been  washed  down.  It  is  possible  that  we  have 
here  an  example  of  the  concentration  of  more  than  one  zone  within 
a  small  thickness  of  strata,  owing  to  deficiency  in  sedimentation,  as 
in  the  case  of  the  Tropites  Limestone  described  by  Dr.  C.  Diener 

in  Byans,1  where  a  bed  of  limestone  only  5  feet  in  thickness 
rej) resents  the  carnic  and  noric  stages  of  the  Trias  ;  but  until  the 

Padaukpin  deposit  has  been  opened  out  and  thoroughly  searched 

this  point  cannot  be  definitely  settled. 
The  Devonian  strata  of  China  do  not  appear  to  attain  any  great 

thickness,  and  consist  for  the  most  part  of 
Equivalents  in  China.     dark    bituminous  limestones    and    shales.  In 

Yunnan.  southern  Yunnan  fossils  of  middle  Devonian  age 

were  obtained  by  v.  Loczy2  from  these  beds  ; 
and  in  northern  Yunnan  a  rich  collection  was  made  by  v.  Bichtho- 
fen  and  described  by  Kayser.3  These  collections  consist  mainly 

of  brachiopods,  as  shown  in  the  foregoing  list,  and  there  is  cer- 
tainly a  close  resemblance  in  facies  with  this  section  of  the  Pad- 

aukpin fauna.  In  Central  China  the  Devonian 

is  represented,  according  to  Bailey  Willis,4— - 

••throughout  northern  Ssi-ch'uan  and  southern  Shen-si  by  thin  strata  of 
calcareous,  marly,    bituminous  character,    which    nowhere    attain   very  great 

1  Fauna  of  the  Tropites  Limestone  of  Byans  ;  Pal.  Ind.,  Ser.    XV,   Vol.    V,  Mem. 
No.  1 ,  p.  200. 

2  Reise  des  Grafen  Bela  Szechenyi,  Vol.  I,  p.  t>82. 
»  Von  Richthofen,  China,  Vol.  IV,  p.  75. 
*  Research  in  China,  Vol.  II,  |>.  59. 
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thickness,  which  may  be  in  fact  wanting  in  some   sections,   and   which  are 

conformable  to  the  Silurian  (Gothlandian)  below  and  the  Carbor_iferou3  above." 
The  bituminous  and  shaly  character  of  the  Devonian  strata  in 

Yunnan  and  Central  China,  in  contrast  with  the 

^  Transgression    north-    pure  limestones  and  dolomites  of  the  Shan  States 
and  the  Malay  Peninsula,  suggests  that  the  sea 

of  that  period  was  more  shallow  and  less  open  towards  the  north 

and  north-east,  and  that,  as  time  progressed,  the  submergence  that 
resulted  in  the  accumulation  of  the  massive  Plateau  Limestones  in 

the  southern  portion  of  the  ocean  advanced  northwards ;  for  the 

Devonian  beds  of  China  are  followed  by  a  great  thickness  of  lime- 
stones which,  at  any  rate  in  Yunnan,  resemble  very  closely  the 

Plateau  Limestone  of  the  Shan  States.  This  suggestion  is  in  ac- 
cordance with  the  statement  of  Bailey  Willis  {Of.  cit.,  p.  67)  that 

the  Carboniferous  overlaps  the  Devonian,  and  in  north-eastern  China 
rests  upon  the  Ordovician ;  and  that  it  is  towards  the  south  and 

south-east,  in  Shen-si,  Ssich'uan,  etc.,  that  the  Carboniferous  is  repre- 
sented by  a  great  thickness,  over  4,000  feet  in  places,  of 

limestone  ;  whereas  the  strata  of  the  same  age  in  Shan-tung  and 
Shan-si  consist  of  continental  deposits  of  sandstones  and  shales, 
with  beds  of  coal  and  occasional  thin  bituminous  limestones  {Of. 

cit.,  p.  72).1 

Wetwin  Shales. 

The  village  of  Wetwin  is  situated  at  the  base  of  the  preci- 
pitous  scarp   already   mentioned,    which  the 

terSordepnosrtnd  railway  descends  at  about   12  miles  east  of Maymyo,  and  is  built  upon  a  band  of  shales 
which  may  be  seen  in  all  the  watercourses  flowing  from  the  scarp,  and  in 
the  cuttings  along  the  surrounding  roads  and  lanes  (Loc.  29,  C  4). 

These  shales  somewhat  resemble  a  hard  and  fissile  'Fuller's  earth,' 
and  are  very  argillaceous,  generally  of  a  yellowish  buff  colour, 
mottled  with  pink  or  dark  grey  to  black  stains,  of  a  type  that  is  v<  ry 
common  at  various  stages  in  each  of  the  formations  that  occurs  in 

Extent  khe    Shan    States.     They    have   been  traced 
from  the  west  side  of  the  village,  where  the 

1  The  Devonian  faunas  as  yet  described  from  the  Himalayan  area  are  too  scanty  to 
permit  the  statement  of  any  definite  conclusions  regarding  a  possible  connection 
between  that  area,  and  Burma  (VV.  H.  Hudlcston,  Devonian  fossils  from  Chitral  ; 
Qeol.  Mag.,  Dec.  IV,  Vol.  IX,  pp.  3,  49  :  V.  K.  Cowpei  Reed,  Devonian  fossils  from 
Chitral,  etcj  Records,  Gcol.  Sup).  Ind.,  Vol.  XL1,  Pt.  2,  page  86). 

R 
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outcrop  is  much  concealed  by  jungle  and  rainwash,  along  the  Gov- 
ernment cart-road  and  the  lanes  leading  towards  Padaukpin,  for  a 

distance  of  over  a  mile  ;  that  is  to  say,  to  within  half  a  mile  of 
the  Calceola  beds  at  the  latter  place  ;  but  a  shallow  ravine  then 
crosses  the  line  of  strike,  and  is  so  choked  with  vegetation  that 
the  relations  of  the  one  deposit  to  the  other  cannot  be  made  out. 

The   beds  dip  gently  to  the  north,  towards  the  base  of  the  scarp. 
.  and  are  evidently   faulted  against   it.  Their 

true  horizon  would  therefore  probably  lie  some- 
where above  the  limestone  which  forms  this  scarp.  In  the  direction 

of  Padaukpin  they  show  some  indications  of  an  easterly  dip,  as 

if  they  might,  if  continued,  underlie  the  Calceola  beds,  but  it  is 
not  by  any  means  certain  that  a  fault  does  not  occur  in  the 
interval  between  them,  and  moreover  the  character  of  the  fauna 

points  to  a  higher  position  in  the  series. 
The    fossils    collected    from    these    shales    were  submitted  to 

„  Mr.    Cowper   Reed  for  description,   and  his 
E  :tent.  .  .     \  .  '.  ,  ,    .  i determination  ot  them  has  appeared  m  the 

Memoir  on  the  Devonian  Faunas  of  the  N.  Shan  States  already  cited 

ipage  157.  seq).    The  following  is  a  list  of  the  species  (Table  9):— 



Table  9. 

List  and  Distribution  of  Wetwin  Pa  una. 
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List  and  Distribution  of 

Name. Nearest  allies. 

Bryozoa. 

Fenestella  polyporata  Phill.,  var,  wetwinensis  Reed 

CF.  proceritas  Hall  . 

Fenestella  sp  
\F.  Morrisi  . 

1    P    f¥\fWifiil fffff  Wf  n  inn I   X   .  UUUfJ/vU/vUf   VV  I11U.JJ. 

/  P.  hexagonalis  var. 
V       1            _    "         7  TT    1 1 v  joraminuLosa  Hall. 

Braciiiopoda. 

Lingula  cf.  ligea  Hall.  ....... <  L.  subparallela 
1  Sandb. 

* 

„     cf.  punctata  Hall.      ...  . 

(
 
 " 

i  L.  squamiformis 

{_  Phill. 



DEVONIAN  SYSTEM :  WETWIN  SHALES. 
245 

Afetwin  Fauna. 

DEVONIAN  OF 
AMERICA. 

Europe. Remarks. 

Lower. Mid- dle. 

|  Upper. 
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Gr
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Gr
. 
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Gr
. 
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Gr
. 

Carb.,  Ireland. 

 . — 

X 

Carb.,  Ireland. 

Mid.  Dev.,  Devonshire. 

•  • X 

X X 

• 

Dev.,  Germany. 

X 

X 
Mid.  and  I  'p.  Dev.,  Britain. 
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Table  9 — continued. 

List  and  Distribution  of 

Xa.mk. 

Brachiopoda — contd. 

Chonetes  subcancellata  Reed 

„     (?)  sarcinulata  Sckloth 

Rhynchonella  (Camarotoechia  sp.  (A) 

sp.  (B) 

Athyris  cf.  spiriferoides  Eaton. 

Ch.  Logani  var.  au- 
rora Hall. 

Ch.  cf .  nana  de  Vern, 

Rh.  Omaliusi,  Rh. 
letiensis,  Rh  nux 
Gosselet. 

r  Rh.  Gonthieri  Gosse- let. 

Wi.  Horsfordi,  Rh. 

Sapvho.  Rh.  con- 
gregata  Hall. 

A.    concentrica  v. Buch. 
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Wetwin  Fauna — continued. 

DEVONIAN  OF 
AMERICA. 

Lower. Mid- dle, 

O 60 
o 
CO 3 O M 

a 
o 
o 

o 
a o 
-*-> a 
w 

Upper. 

o 

c 

^3 O 

X 

X 

X 

Europe. 
Remarks. 

Mid.  Dev.,  Poland  . 

Dev.,  Russia. 

Dev.,  Belgium.  N.  France. 

N.  France. 

aff.  Ch.  oriental! ft 
v.  Loczy,  Dev., 

Yunnan. 

Dev.,  Europe. 
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Table  9 — continue!. 

List  and  Distribution  of 

Name. Nearest  aijjes. 

- 

Brachiopoda — concld. 

TvavsPTplla  lc'\  sc  ....... f  (?)  K.  lepidijormis 

V  Gurich. 

Pei.ecypoda. 

Phthonia  loczyiReed.  Ph.  nitida  Hall. 

Xucula  wetwineiisis  Reed  .V.  Randalli,  X.  cor- 
buliformis  Hall. 
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Wetwin  Fauna — continued. 

DEVONIAN  OF 
AMERICA. 

Lower. Mid- dle. Upper. 

He
ld
er
be
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Gr
. 

Co
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Gr
. 

Ha
mi
lt
on
  

Gr
. 

1 

Po
rt
ag
e 
 

Gr
. 

Ch
em
un
g 
 

Gr
. 

Europe. Remarks. 

Dev.,  Poland. 

Dev.,  Knine. 

X 

X 

X 

A  Devonian  Am- 
erican genus. 

X 

A  Devonian 
genus,  Europe 
and  America. 
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> — continued. 

List  and  Distribution  of 

Name. Nearest  allies- 

Pelecypoda — contd. 

Nucula  aff.  niotica  Hall. 

cf.  bellistriata  Hall. 

Paleeoneilo  cf.  plana  Hall. 

„        cf.  elongata  Hall.  . 

,,        cf.  sulcatina  Conrad. 

Paracyclas  cf.  proavia  Goldf.  . 

cf.  rugosa  Goldf. 
P.  lirata  Hall. 

P.  ellifiica  Hall. 
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Wetwin  Fauna — continued. 

DEVONIAN  OF 
AMERICA. 

Lower. 
Mid-1 DLE 

Upper. 

He
ld
er
be
rg
  

Gr
. Corniferous  

Gr. 

I 
 

Ha
mi
lt
on
  

Gr
. 

Portage  Gr. 

Chemung  

Gr. 
Europe. Remarks. 

X 

• 

X 

X X 

X 

M.  Dev.,  Europe. 

Waverly  Sandst. 
=(  L.  Carb.), 
America. 

X X 

X 

•  • 

Dev.,  Rhine. 
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Table  9 — concluded. 

List  and  Distribution  of 

Name. Nearest  allies. 

Gastropoda. 

CB.  HicksiWhidfr.  . 

Bellerophon  shanensis  Reed.  1  B.  neleus  Hall  and 
I  Whitf. 

„        (Phragmostoma)  admirandus  Reed. P.  incisum  Clerke  . 

Arthropoda. 

Phaetonides  aff.  cyclurus  Hall.  ..... 

Echinocaris  asiatica  Reed  , E.  punctata  Hall.  . 

Pisces. 

Ichthyodorulite  - 
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Wetwin  Fauna — concluded. 

DEVONIAN  OF 
AMERICA. 

Europe. Remarks. 

Lower. 
Mid- 
dle. Upper. 

He
ld
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Gr
. 
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Gr
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Gr
. 

M.  Dev.,  Devonshiie. 

X " 

X 

X " 

X 

•  • 
Probably  the  der- 

mal spine  of 
an  Acanthoid fish. 



254      LA  TOUCHE  :  GEOLOGY  OF  NORTHERN  SHAN  STATES. 

A  glance  at  this  table  will  show  the  complete  dissimilarity  that 
exists  between  the  fauna  of  the  Wetwin  Shales 

^Conditions  of  deposi-    and  that  of  the  padaukpin  coral-reef,  not  only in  its  composition  but  in  its  affinities.  As 

Mr.  Cowper  Reed  suggests  {Op.  cit.,  p.  183)  this  difference  may  be  due 
as  much  to  bionomical  surroundings  as  to  a  difference  in  age,  and  indeed 
it  is  evident  that  the  two  sets  of  beds  must  have  been  deposited  under 

very  different  conditions.  It  seems  probable  that  the  shales  were 
accumulated  in  a  lagoon  which  may  have  had  only  a  slight  connection 

with  the  open  sea,  and  in  respect  to  this  supposition  it  is  interest- 
ing to  note  that  a  portion  of  the  shales  is  highly  impregnated 

with  iron  ore,  which  may  have  originated,  as  so  often  happens, 
in  a  shallow  swamp  or  lagoon.  The  deposition  of  the  shales  may, 
indeed,  have  been  contemporaneous  with  that  of  the  coral  reef  close  by. 

The  most  striking  characters  of  this  fauna,  as   compared  with 
that    of    Padaukpin,  are    the    prevalence  of 

nities™f  feuna1        &       lamellibranchs,  and  the  close  relationship  with 
American  forms,  especially  those  belonging  to 

the  Hamilton,  or  middle  Devonian  group  of  that  country.  The 
occurrence  of  the  almost  exclusively  American  genus  Palceoneilo, 
which,  as  we  will  see,  flourished  also  at  a  much  later  date  in  the 
Shan  seas,  is  the  most  conspicuous  instance  of  this  affinity,  but 
the  fauna  as  a  whole  bears  traces  of  it,  no  less  than  24  out  of  the 

30  species  described  from  Wetwin,  being  compared  by  Mr.  Cowper 

Reed  with  American  forms.1  Indeed  it  seems  to  me  not  at  all 
unlikely  that,  if  the  fauna  of  the  Plateau  Limestone  had  not  been 
so  completely  destroyed,  we  would  find  that  there  was  in  reality 
not  nearly  so  close  a  resemblance  with  the  European  Devonian  type 
of  fauna  as  the  sporadic  occurrence  at  Padaukpin  would  indicate. 

The  Wetwin  shales  are  not  the  only  bands  of  the  kind  that 
occur    among   the  limestones  of  the  plateau, 

Other  bands  of  shale.      ,        ,  .     ,        r  ,  , 
though   this    particular    fauna  has    not  been 

brought  to  light  elsewhere.     Indeed,  shaly  bands  may     be  much 
more  frequent  than  one  would  suppose,  for  their   outcrops  are  apt 
to  be  washed  out  and  filled    in  with    the  universal  red  clay  that 

covers  the  ground.     It  is  therefore  only  in  fresh  cuttings    cn  the 
railway  or  road  that  they  are  likely  to  be  found.    At  the  same 
time    sections  like  that  in  the  Gokteik  gorge,  where  there  is  a 

1  F.  R.  Cowper  Reed,  Pre-Carboniferous  Life-Provinces;  Records,  Oeol.  Qurv.  Ind., 
Vol.  XL,  Pi  1,  p.  3i. 
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continuous  series  of 

there  may  be  none 
limestone. 

pa  s 

2 

60 

O 

■a  c 

q  o 03 

cuttings  extending  for  several  miles,  show  that 
of  these  bands    in  a    very  great  thickness  of 

One  such  cutting  on  the  railway  occurs  a 
little   to    the     west  of 

Jfcale    band  at    Let-     Letkaung    vilIag6j  at  thg 
foot  of  the  final  ascent  to 

Maymyo  (Loc.  26,  4),  where  some  slightly 
carbonaceous  shales  are  interbedded  with  the 

limestones,  dipping  N.  E.  at  an  angle  of  17 
degrees,  and  contain  specimens  of  a  small 
Lincjula  and  other  fossils,  none  of  which, 
however,  are  specifically  determinable.  Another 

band  of  shale  was  found  in  a  cutting  about 
three  miles  east  of  Kyaukme  station  (Loc.  31, 

E  2),  greatly  contorted  and  in  places  vertical, 
portions  of  which  were  found  to  contain  the 
shells  of  a  minute  Estlieria,  somewhat 

resembling  E.  mangiliensis  Rupert  Jones,  from 
the  Panchet  beds  of  the  Indian  Gondwanas, 

according  to  Mr.  Ccwper  Reed,  as  well  as 

some  very  fragmentary  plant  remains  (Fig.  6). 
Portions  of  this  band  also  are  carbonaceous  , 

and  it  is  indeed  not  unusual  to  find  strings  and 
pockets  of  coaly  matter 

among  the  Plateau  Lime- 
stones. One  of  these  occurrences,  which  looked 

rather  promising,  was  found  close  to  Manhpwi 

(M:in-hpa)  station  (G  1),  between  Hsipaw  and 
Lashio,  and  was  carefully  examined  in  1904 
by  Mr.  Datta,  who  traced  the  coaly  layer  for 
some  distance,  but  was  unable  to  find  any 

seam  of  value  as  fuel.  In  fact,  the  sample 
analysed  in  the  Geological  Survey  Laboratory 
was  found  to  contain  more  ash  than  carbon. 

Carbonaceous  layers. 
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CHAPTER  X. 

PLATEAU  LIMESTONE. 

Permo-Carboniferous  or  Anthracolithic  Section. 

At  various  places  on  the  Shan  States  plateau,  especially  towards 

the    south-east,    patches  of    a  limestone  of  a 

andcharacL°CCUrrenCe    character  different  from  that  constituting  the 
great  bulk  of  the  formation  are  met  with,  usually 

as  outlying  masses,  capping  ridges  and  knolls  with  rugged  precipitous 
walls  of  rock.    These  limestones  are  generally  dark  blue,  grey  or  black 

in  colour,  with  a  much  more  strongly  fetid  odour  than  that  of  the  lime- 
stones below.    Although  the  microscope  shows  that  the  matrix  of  the 

rock  is  in  all  cases  crystalline,  the  individual  crystals  are  exceed- 
ingly  minute,   and   the   rock  does   not   exhibit  the  sandy  texture 

that  is  so  characteristic  of  the  ordinary  Plateau  Limestone,  but  is 

much  more  compact  and  often  possesses  a  conchoidal  fracture.  In 
addition,  these  rocks  are  in  many  places  highly  fossiliferous,  and  in 
most   cases   the   microscope  reveals  in  thin  sections  the  presence  of 

minute  fragments  of  shells,  or  of  foramim fera  of  various  kinds. 
It  has  been  found  impossible  to  show  these  patches  of  rock  on 

the  map  attached  to  this  Memoir,  not  only  on 
Boundary  uncertain.  .  ..         ,       .  .  , 

account  of  its  small  scale,  but  also  because 

of  the  difficulty  of  finding  any  definite  line  of  division 
between  them  and  the  limestone  beneath.  On  the  plateau  the 

difference  in  appearance  is  easily  recognisable,  and  the  bound- 
aries of  each  patch  are  fairly  well  defined,  but  I  was  fortunate 

enough  to  discover  a  number  of  specimens  of  Fusulina  elongata 
at  Tonbo  (Loc.  27,  B  5),  at  the  extreme  western  edge  of  the  hills, 
in  a  band  of  limestone  which  appeared  to  pass  laterally,  as  well 
as  vertically,  into  crystalline  limestone  indistinguishable  from  the 
usual  type  ;  and  it  is  therefore  by  no  means  certain  that  there  is 
any  noticeable  difference  in  age  between  these  compact,  dark 

co'oured  rocks  and  the  upper  part  of  the  ordinary  Plateau  Lime- 
ConditionB  of  de-  stone.  It  may  be  that  the  change  of  character 
>"'M,,""S-  is   not  so  much  due  to  a  difference    in  age 

as  either   to  some  local  peculiarity  in  the  conditions  of  accumula- 
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tion  of  the  sediment,  resulting  in  a  particular  assemblage  of  organ- 
isms ;  or  perhaps  to  a  difference  in  the  treatment  to  which  the  last 

beds  to  be  accumulated  were  subjected  after  their  deposition,  as 
compared  with  the  remainder.  On  the  one  hand,  these  patches 

may  have  been  of  the  nature  of  reefs,  supporting  an  abundant 
brachiopod  and  coral  fauna,  while  the  surrounding  sea  was  occupied 

mainly  by  mollusca,  with  their  more  easily  decomposed  shell  struc- 
ture ;  that  is  to  say,  the  conditions  that  gave  rise  to  the  Devonian 

reef  of  Padaukpin  may  have  been  repeated  at  this  period.  On  the 
other  hand,  the  fact  that  these  highest  beds,  as  shown  by  the 
chemical  analyses  given  in  Table  7  (p.  188),  are  composed  of 
practically  pure  carbonate  of  lime,  whereas  the  whole  of  the  mass 
underlying  them  has  been  converted  into  a  dolomitic  limestone 

indicates  a  complete  change  in  the  history  of  this  portion  of  the 

formation ;  perhaps,  as  I  have  already  suggested  (p.  193),  a 

replacement  of  the  long-continued  subsidence  which  must  have  ac- 
companied the  deposition  of  so  enormous  a  thickness  of  rock  by  a 

somewhat  rapid  upheaval.  For  these  reasons  I  have  made  no 
distinction  between  these  rocks  and  the  Plateau  Limestone  for 

the  present,  but  it  will  probably  be  found  that  when  the  Southern 
Shan  States  are  geologically  surveyed,  it  will  be  possible  to  map 
them  as  a  separate  formation. 

It  may  be  remarked  that  no  trace  of  these  upper  limestones 

Probable    erosion  be-     ha&  been   foUnd   alon§   fche   edSe  of  the  tongUe 
fore  deposition  of  over-  of  Plateau  Lmestone  extending  northwards 
*****  beds-  along  the  east  bank  of    the    Nam-Tu,  where 
the  latter  appears  to  dip  conformably  below  the  red  Jurassic 
sandstones  ;  but  as  there  was  certainly  some  denudation  of  the 

limestone  before  the  Namyau  series  was  deposited,  the  topmost 
beds  may  have  been  swept  away  during  the  interval.  At  Kehsi 
Mansam,  in  the  extreme  south  east  of  our  area,  the  Permo-Carboni- 
ferous  beds  are  seen  almost  in  contact  with  the  red  sandstones, 

but  the  section  at  that  place,  to  be  described  below,  is  on  tlie  line  of 
a  fault  and  greatly  confused,  and  the  exact  relations  between 
the  two  sets  of  beds  are  not  clearly  seen. 

The  first  discovery  of  fossils  in   these  rocks  was  made  in  L899 
by  Mr.  C.  S.  Middlemiss,   in   the  Southern 

States11"0"00  m       aD    Shan   States,   where   they   are  evidently  more 
highly   developed  than    in  the  Northern  States. 

In    fact    they  do    not    occur  at  all  on  the  line  of  the  Wand al ay 

S 
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Lashio  railway  traversed  by  Mr.  Datta  and  myself  in  the  same 

year,  except  at  Tonbo,  where  it  was  not  till  several  years  after- 
wards that  Fusulina  was  discovered ;  but  they  become  more  and 

more  prominent  as  we  proceed  from  the  line  of  the  railway  to- 
wards the  south  and  south-east. 

Mr.  Middlemiss'  find  is  described  in  the  General  Keport,  Geol. 
Surv.  Ind.,  for  1899-1900,  p.  137  et  seq.  The 

Situation  and    char-     foggilg  werg  collected  from  a  geries  0f  thin  band. actors  ot  beds. 
ed,  shaly  and  marly  limestones,  extending  along 

the  Government  cart-road  leading  eastwards  from  Taunggyi,  the  head- 
quarters station,  from  a  point  about  20  miles  east  of  that  place  to 

Mong  Pawn,  a  distance  of  about  10  miles.  They  are  generally  to  be 
found  lying  loosely  on  the  weathered  surface  of  the  rocks,  as  at 

.j  Padaukpin,  and  among  them  Mr.  Middlemiss 
was  able  to  recognise  such  well  known  Salt 

Ptange  forms  as  Athyris  (Spirigera)  Royssii  L'Ev.,  Spirigerella  Derbyi 
Waag.,  Chonetes  grandicosta  Waag.,  etc.,  and  to  correlate  the  beds 
with  the  middle  Productus  Limestone  of  that  area,  an  opinion 

which  has  since  been  amply  confirmed  by  Dr.  C.  Diener,  who  has 

examined  and  described  the  Anthracolithic  fauna  of  this  region. 1 
In  the  Northern  Shan  States  the  presence  of  rocks  belonging 

to  this  horizon  was  first  discovered  by  Mr.  P. 

fo2final  discovery  °f   N.  Datta,  who  in  1901  notified  the  occurrence of  Fusulina  in  a  limestone  band  at  the  crest 

of  a  ridge  a  few  miles  west  of  Tong-Ang  ferry  on  the  Nam-Tu 

(Loc.  32,  F  3),  and  still  further  to  the  east  at  Ho-un  (Loc.  35,  H  3). 
A  few  badly  preserved  shells  were  also  collected  by  him  near  Man- 
kang  on  the  north  slope  of  the  Loi-len  range  (Loc.  33,  H  1). 
Subsequently  other  exposures  of  limestone  with  Fusulina  were  found, 
and  in  addition  a  fairly  rich  brachiopod  and  bryozoan  fauna,  which  has, 

m  the  hands  of  Dr.  Diener,  proved  the  existence  of  strata  of  Permo- 
Carboniferous  or  Anthracolithic  age  over  a  large  area  in  these 
States. 

The  fossils  described  by  Dr.  Diener  were  collected  at  three 

_,    ., .    ,  widely  separated  localities,  only  one  of  which, 
lossil  localities.  ;        _  -      .       J  , 

Namun  (Loc.  34.  (J  3),  is  actually  situated 
in  the  Northern  States,  and  is  therefore,  strictly  speaking, 

included   within  the    area  now    being    described ;  but  Kehsi  Man- 

1  The  Anthracolithic  fossils  of  the  Norfcherq  Shan,  States;  Pal.  Ind.,  New  Ser., 
Vol.  III.,  Mem-  No.  4. 
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sam  (Loc.  37,  H  5),  the  capital  of  the  State  of  that  name,  where 
the  most  abundant  and  varied  fauna  was  found,    is  not  far  from 

the  borders  of  the  Northern  States, 

and  after  all  the  boundary  is  drawn 
merely  for  administrative  purposes, 

and  bears  a  very  slight  relation  to 

the  physical  configuration  of  the 
country,  much  less  to  its  geological 

features.  The  third  locality  com- 
prises the  collections  made  by  Mr. 

Middlemiss  during  his  traverse  along 
the  cart-road  east  of  Taunggyi, 
introduced  here  for  purposes  of 
comparison. 

The  section  of  these  rocks  ex- 

posed  at  Kehsi Section  a<  Kehsi    Mansam  is  by  no 

Mansam  (Fig.  7).  J means  so  com- 
plete as  that  described  by  Mr. 

Middlemiss,  but  contains  a  richer 

assemblage  of  fossils.  It  is  situated 
about  a  mile  to  the  south-west  of 

the  town,  in  the  bed  of  the  Nam- 
Hen  river,  and  about  a  quarter  of 
a  mile  above  the  bridge  on  the 

cart-road  leading  to  Mong  Tung. 

At  the  bridge,  and  for  a  short 
distance  above  it,  a  series  of  red 
sandstones  and  shales,  with  slightly 

carbonaceous  layers,  is  exposed  on 
the  left  bank,  dipping  generally  in 
a  southerly  direction,  but  greatly 

contorted,  especially  towards  the 

upper  end  of  the  section.  These 

beds  probably  belong  to  the  Meso- 
zoic  Namyau  series.  Immediately 

to  the  south  of  these,  and  appa- 
rently higher  in  the  section,  are 

some  limestones  with  obscure  traces 

of  (?'  Fusulina,  but  these  may  not 
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be  in  situ  or  are  brought  up  by  a  fault.  The  whole  section  is 
on  the  line  of  a  considerable  fault  which  traverses  the  older  rocks  to 

the  west,  and  the  contortion  seen  in  the  red  beds  is  no  doubt  due 

to  movement  along  the  fault-plane.  Beyond  this  the  whole  of  the 
rocks  are  concealed,  for  a  distance  of  several  hundred  yards,  by  a 
calcareous  dam  extending  across  the  river  and  a  deep  pool,  above 
which  the  fossiliferous  rocks  appear. 

These  consist  of  dark  grey  or  black  limestones,  dipping  steadily 

to  the  south  at  about  25°,   in  thin  bedded 
Productus    an.!    Fas-     ,  q{  ^     }  ^  made nana  limestones.  J  _  r 

almost  entirely  of  Fusulina  dongata  (Plate  14, 

Fig.  1),  while  other  layers  contain  large  numbers  of  brachiopods. 
These  rocks  continue,  all  dipping  in  the  same  direction,  for  about 

another  quarter  of  a  mile,  when  they  abut  against  massive  beds  of  the 
ordinary  Plateau  Limestone,  dipping  in  the  opposite  direction,  that 

is  to  say  to  the  north,  at  a  high  angle.     The  last  beds  of  the  Anthra- 
colithb  series  seen  are  massive  and  hard  blue 

Faulted    boundaries.      . .  , .  - .       .  ,  -. 
limestones  dipping  directly  towards  the  older 

rocks.  Down  stream,  beyond  the  red  sandstones  exposed  at 
and  below  the  bridge,  the  Plateau  Limestone  also  appears  in 
the  bed  of  the  river,  and  it  therefore  seems  probable  that  the 
Fusulina  beds  and  overlying  strata  have  been  let  down  between  two 

parallel  faults,  becoming  much  folded  and  crushed  in  the  process. 
A  few  scattered  masses  of  hard  blue  limestone,  similar  to  the 

uppermost  beds  seen  in  the  river  section,  were 
noticed  in  the  valley  of  a  small  side  stream 

falling  into  the  Xam-Hen  below  the  bridge.  These  exhibit  nu- 
merous examples  of  brachiopoda,  bryozoa,  and  corals  on  the  weathered 

surface  and  in  section  (Plate  14,  Fig.  2),  but  it  was  found  almost 

impossible  to  break  them  off  without  damage. 

The  collection  of  Namun  was  made  from  a  small  outcrop  of 
dark  grey  limestone,  weathering  to  a  rusty 

Outcrop  at  ̂  amun.  yell0w,  exposed  on  the  path  running  along  the 
northern  flank  of  Loi  Pan  from  Monghko  to  Manpan,  near  the 

crest  of  a  low  rise  half  a  mile  to  the  north-east  of  the  village  of 
Namun.  The  rock  in  situ  is  crowded  with  fossils,  mainly  bryozoa, 
but  thev  are  only  to  be  obtained  on  the  surface  of  weathered  fragments 

or  by  washing  the  clay  derived  from  the  outcrop,  as  at  Padauk- 
pin.  The  whole  exposure  does  not  cover  a  space  of  more 
than  3  or    4  square  yards,  and  the    bedding    is    very  indistinct, 
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but  is  probably  nearly  horizontal.  Several  large  masses  of  the 
hard  blue  limestone  in  which  Fusulina  are 

usually  found  occur  close  by,  but  the  ground 

is  so  densely  covered  with  vegetation,  except  along  the  path,  that 
the  relation  of  these  masses  to  the  beds  with  bryozoa  could  not  be 
made  out.  The  locality  is  within  a  mile  of  the  slates  and  quartzites 

of  the  Chaung-Magyi  series  at  the  foot  of  Loi  Pan,  and  the  only 
rocks  to  be  seen  in  the  intervening  ground  are  a  few  outcrops  of 
the  ordinary  Plateau  Limestone. 

The  third  locality,  Mong  Pawn,  is  the  one  described  by  Mr. 

Middlemiss  in   the  General  Report  for  1899- 

Stetes.UrrenCein  S'Sh*n  1900  already  cited-  The  fossils  usually  occur 
in  thin-bedded,  concretionary  tabular  limestones 

with  marly  or  shaly  layers,  exposed  at  various  points  along  the 
road  from  the  20th  to  the  30th  mile  east  of  Taunggyi.  Their 
manner  of  weathering,  etc.,  is  exactly  the  same  as  at  iSfamun,  and 
as  Mr.  Middlemiss  remarks,  the  best  method  of  search  is  to  wander 

along  the  cuttings  and  pick  out  the  fossils,  chiefly  brachiopoda,  from 
the  crumbling  surface  of  the  beds.  The  position  of  the  fossiliferous 

strata  here  is  the  same  as  in  the  northern  States,  viz.,  resting  upon 

a  series  of  massive  white  and  grey  limestones,  often  greatly  brec- 
ciated,  which  I  have  no  hesitation  in  identifying  with  the  ordinary 
Plateau  Limestone  of  this  Memoir. 

In  addition  to  these  localities,  beds  containing  Fusulina  elongata, 

Other  loc-  lities  associated    with    corals    and    sometimes  
with 

brachiopoda,  but  in  too  ill-preserved  or  frag- 
mental  a  state  for  identification,  have  been  found  at  several  other 

places  in  the  Northern  Shan  States,  in  patches  of  limestone  that  indicate, 

by  their  mode  of  occurrence,  the  former  widespread  extension  of  this 

formation  over  the  plateau.  I  have  already  mentioned  their  occur- 
rence at  Tonbo,  at  the  edge  of  the  Irrawaddy  valley,  13  miles  to 

the  south-east  of  Mandalay.  They  have  not  been  met  with  between 

this  place  and  the  valley  of  the  Nam-Tu  south  of  Hsipaw,  a  dis- 
tance of  about  80  miles,  but  further  to  the  east  exposures  of  these  lime- 
stones become  more  frequent.  Several  large  masses  were  found  at  Man- 

maw  (Loc.  36,  H  3),  in  the  valley  of  the.  Nam  Lnwng  river,  and 
a  broken  line  of  outcrops  of  the  same  root  has  been  traced 
northwards  from  the  neighbourhood  of  this  place  for  some  12  miles, 

forming  a  low  but  well  defined  ridge.  At  Manmaw  some  shelly 
limestones  also  occur  with  badly  preserved  Productus,  Spirifer,  etc. 
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Similar  masses  were  also  found  across  the  Nam-La wng  on  the 

crests  of  the  ridges  about  Man-pung,  (I  3)  and  again  still  further 
east  on  a  ridge  to  the  south-west  of  Man  Hpai  (I  4),  where  bryo- 
zoa  are  fairly  numerous.  Finally,  a  band  of  reddish  limestone, 
crowded  with  Fusulina  elongata,  resembling  the  Fusulina  band  at 
Kehsi  Mansam,  was  discovered  by  Mr.  Coggin  Brown  at  the  Natural 
Bridge  on  the  Nam  Lan  river,  one  of  the  southern  tributaries  of 

the  Nam-Tu,  near  Nanio  (F  4).  Here  the  Fusulina  band  rests  on 
the  ordinary  Plateau  Limestone,  and  is  succeeded  above  by  red 
shales  belonging  to  the  Namyau  series,  faulted  against  the  Plateau 
Limestone  as  at  Kehsi  Mansam. 

On  examining  thin  sections  of  the  limestones  collected  in  the  Shan 

States  under  the  microscope,  I  have  found  that  cer- 
Limestones  of  doubt-  ̂   ̂   limest(me8  which  J  tad  thought,  from lu I  age.  '  o  ' 

their  apparent  position  in  the  field,  should  be 
included  with  the  next  overlying  group,    the  Rhsetic  or  Napeng 
beds,  contain  poorly  preserved  fragments  of  a  Fusulina,  not  specifically 

determinable,  but  differing  in  shape  and  in  the  internal  arrange- 
ment  of  the  cells   from  F.   elongata.  These 

Section  at  Htengnoi.      ,.  ..   .      .      .    .     .    .  ~T, 
limestones  are  exposed  m  the  bed.  of  the  JNam- 

Tu  at  Htengnoi  (F  3),  and  the  beds  were  traced  for  two  or  three 
miles  to  the  north  of  that  place  towards  Nawnghkio.  They  are 
well  seen  in  the  bed  of  the  river  above  Htengnoi,  where  they  dip 
to  the  E.  or  S.E.  at  angles  of  20  to  30  degrees.  They  extend 
for  about  half  a  mile  up  the  river,  and  are  apparently  succeeded 
below  by  thick  beds  of  conglomerate,  which  in  turn  rest  upon 
steeply  inclined  beds  of  the  massive  Plateau  Limestone.  It  was  on 
account  of  these  conglomerates,  which  contain  well  rolled  pebbles  of 
the  Plateau  Limestone,  that  I  mapped  the  blue  limestones  as  belonging 

to  the  Napeng  beds  ;  but  as  they  are  now  found  to  contain  Fus- 
ulina they  are  probably  older.  As  usual  the  section  is  incomplete, 

and  the  conglomerates  are  not  actually  seen  to  underlie  the  blue 
limestones,  but  occur  in  detached  masses  which  may  have  been 

let  down  from  a  higher  level  by  the  solution  of  the  limestone 
beneath.  Further  exploration  of  the  neighbourhood  is  necessary 
before  the  relations  of  the  rocks  in  this  interesting  section  can  be 
made  out. 

The  peculiar  oolitic  limestone,  a  section  of  which  is  shown  in 
Plate  15,  fig.  1,  occurs  lower  down  the  valley  near  the  village  of 

Na-aw,  and  appears  to  be  near  the  horizon  of  the  Fusulina  beds  of 
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Htengnoi.  But  some  of  the  limestones  associated  with  the  Napeng 

beds  are  very  similar,  as,  for  instance,  the  specimen  from  Loi-lam 
(Loc.  23,  E  3),  a  section  of  which  is  shown  in  Plate  15,  fig.  2. 

The  Na-aw  rock  is  crowded  with  elongated,  oval,  oolitic  granules, 
and  contains  in  addition  numbers  of  minute  shells,  and  the  spines 
of  echinoderms. 

The  fossils  collected  at    the  three  localities    mentioned  above, 

_ .     , ,    .,  and  described  by  Dr.  Diener,  are  enumerated 
List  01  IOSSlls.  .         -        -    .  .         ..  mllin  l  ■  l 

m  the  toilowmg  list  (I able  10),  which  also  shows 

the  distribution  of  the  species  in  other  zoogeographical  provinces.  This 

brings  out  the  strong  resemblance  that  exists  between  the  Anthra- 
colithic  fauna  of  the  Shan  States  and  that  of  the  Productus  Lime- 

stones of  the  Salt  Range  in  the  Punjab  and  of  the  Central  Hima- 
laya, and  points  at  once  to  a  great  change  of  some  kind  in  the 

conditions  that,  up  to  this  period,  affected  the  relations  between 
the  faunas  of  the  northern  and  eastern  coasts  of  Gondwanaland. 

The  almost  universal  transgression  of  the  Permo-Carboniferous  sea 
that  took  place  at  this  time  is  a  well  established  fact,  but  how  and 
where  the  barrier  was  broken  down  in  this  region  is  not  quite 

clear.  Indications  have  been  met  with  that 

traPns1^e0s£nb0nifer0US      the    Permo-Carboniferous  sea   extended  along 
the  northern  side  of  the  present  line  of  the 

Himalaya  as  far  east  as  the  longitude  of  Assam ;  for  Dr.  J.  M. 

Maclaren1  discovered,  in  some  boulders  brought  down  by  the  Sub- 
ansiri  river  in  that  province,  a  fauna  which  has  been  described  by 

Dr.  Diener,2  and  was  found  to  include  such  undoubted  Anthraeolithic 
forms  as  Productus  cf.  pustulosus  Phill.,  Chonetes  cf.  carbonifera  Keys., 
a  Dielasma  allied  to  D.  biplex  Waag.,  Reticuhma  cf.  ince  juilateralis 
Gemm.,  etc.  And  since  Permo-Carboniferous  rocks  are  known 
not  to  occur  in  association  with  the  belt  ol  Gondwana  sandstone 

that  runs  along  the  flanks  of  the  Himalaya  on  the  north  side  of 

the  Assam  valley,3  it  is  probable  that  the  boulders  in  which  these 
fossils  were  found  come  from  the  upper  part  of  the  Subansiri 
gorge,  beyond  the  main  axis  of  the  range.  But  it  would  have 
required  an  entire  submergence  of  the  barrier  to  the  north  of  Burma 

1  Geology  of  Upper  Assam  ;  Records,  Gcol.  Surv.  Ind.,  Vol.  XXXI,  Pt.  4,  p.  186. 
2  Subansiri  Fossils  ;  Ibid,  Vol.  XXXII,  Pt,  3,  pp.  189—198. 
3  P.  R.  Mallet,  Geology  of  Darjiling  and  the  Western  .Duars  ;  Memoirs,  Gcol.  Sure. 

Ind.,  Vol.  XI,  Pt.  1,  p.  14  :  H.  H.  Godwin  Austen,  Geology  of  part  of  the  Dalla  Hills  ; 
Journ.  As.  Soc.  Bengal,  Vol.  XL1V,  Pt.  2,  v.  37  :  T  D.  LaTouche,  Geology  of  the  Aka 
Hills;  Records,  Gcol.  Surv.  Ind..,  Vol.  XVlfl,  Pt.  2,  p.  121. 
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to  complete  the  connection,  and  we  have  no  evidence  that  such  a 
submergence   ever  took  place.     At  the  same 

P»s«ble     connection    ti  traces  of  marine  strata  belonging  to south  ot  the  Himalaya.  6  b 
this  period  have  been  discovered  to  the  east 

of  the  Salt  Range  in  the  Punjab,  on  either  side  of  the  valley 
of  the  Ganges  or  its  tributaries.  It  must,  however,  be 
remembered  that  we  have  no  knowledge  whatever  of  the 

si  l  a  ta  that  underlie  the  Ganges  alluvium  ;  and  I  am  by  no  means 
convinced  that  a  direct  communication  may  not  have  been  opened 

up  between  the  seas  of  the  Punjab  and  of  Burma  at  this  time. 
I  will  return  to  this  question  in  a  future  chapter  (p.  351  seq.)  ;  but 
at  present  it  will  be  sufficient  to  say  that  the  very  close  similarity 
between  the  Middle  Productus  fauna  of  the  Salt  Range  and 
that  of  the  Shan  States  seems  to  require  a  more  direct 
connection  between  the  respective  seas  than  would  be  afforded  by 

a  communication  by  way  of  the  northern  branch  of  the  '  Tethys ' alone. 

The  distribution  of  the  fauna,  when  compared  with  that  of  the 
same  period  in  other  regions,  presents  some 

lithiflauna.'''  Anthraco'  interesting  points.  There  is  a  striking  con- nection with  the  Permian  and  Carboniferous 

faunas  of  Russia,  29  out  of  the  78  Shan  species  being  identical 

or  closely  allied  ;  but  this  was  only  to  be  expected,  in  considera- 
tion of  the  resemblance  that  is  known  to  exist  between  the  Permo- 

Carboniferous  Salt  Range  fauna  and   that  of  the  Ural.     On  the 
.    .       ,         other  hand,  this  list  would  seem  to  show  that Extension  into  China.       ,  .  .  . 

there  was  no  very  close  connection  between 
the  Shan  and  China  seas,  only  seven  species  being  common  ;  but 
the  facies  of  the  fauna  is  the  same  in  the  two  areas,  and  as  v. 

Loczy1  has  shown  that  the  Chinese  fauna  was  nearly  related  to  that 
of  the  Salt  Range  and  of  the  Ural,  further  exploration  of  the  inter- 

vening country  will  probably  reveal  a  closer  resemblance  between  the 
faunas  of  China  and  the  Shan  States  than  now  appears  to  exist. 

Limestones  belonging  to  this  period  have  been  found  in  Yunnan, 

and  in  the  adjoining  district  of  Batang  in  Western  Sze-chuan,  but 
they  do  not  appear  to  have  extended  into  north-eastern  China, 
where  the  Carboniferous  limestones  are  succeeded  by  red  sandstones 

oi  a  continental  type,  of  Permo-Triassic  age.2 

1  Reise  des  Grafen  Bela  Szechenyi  in  Ostasicn,  Vol.  HI,  p.  175  el  seq. 
2  Bailey  Willis,  Research  in  China.  Vol.  II,  Chap.  VI. 
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Table  10. 

Nam  ks. 

FORAMINIFERA. 

Fusulina  elongata  Shumard 

Anthozoa. 

Lonsdaleia  indica  Waag.  and  Wentz. 

Amplexus  sp.  ind.  . 

Zaphrentis  sp.  ind.  . 

Syringopora  sp.  ind. 

Michelinia  (?)  sp.  ind. 

Cyathaxonia  sp.  ind. 

Crinoidea. 

Indeterminate  crinoid  stems 
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Table  10 — continued. 

List  and  distribution  of  Anthra 

ASIA. 

Names. 

Shan  States. 

Salt  Range,  j Central  
Himalaya. 
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Ke
hs
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ns
am
. 
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c3 
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Mo
ng
  
Pa
wn
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Prodictcs 
Limestone. 

u        <g  u 

o  .a 

JSP 

Bryozoa. 

Hexagonella  ramosa  Waag.  and  Wentz. X X X 

Geinitzella  cf.  columnaris  Schloth. X v v 

Fenestella  cf.  perelegans  Meek. X X 

sp.  ind.  aff.  Geinitzi  d'Orb. 
X 

„        sp.  ind. 
X X 

Polvpora  cf.  ornata  Waag.  and  Pichl. X X X 

„       cf.  biarmica  Keyserl. 
X X 

,,       cf.  megastoma  de  Kon. 
X X 

„      sp.  ind.  aff.  Kolwae  Stuck. 
X 

„       sp.  ind.  aff.  ufimiana  Stuck. 
X 

„      sp.  ind.  ..... 
X X 

„       (?)  sp.  ind.  aff.  Sykessi  de  Kon.. 
X X 
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colithic  Fauna — continued. 
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Table  10 — continue!. 

Names. 

Martiniopsis  Latouchei  Dien. 

Spiriferina  cristata  Schloth, 

List  and  distribution  of  Anthra 

ASIA. 

Shan  States.  1  Salt  Range. 

Brachiopoda. 

Spirifer  fasciger  Ke}rserl. 

„     striatus  Martin.  . 

„     sp.  ind.  aff.  striato  Martin. 

„     condor  d' Orb.  . 

Martinia  dispar  Dien. 

„      sp.  ind. 

„       orbicularis  Gemm. 

Reticularia  cf.  lineata  Martin. 
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colithic  Fauna- — -continued. 
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List  and  distribution  of  Anthra 

ASIA. 

Names. 

Shan  States. Salt  Range. 
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 Brachiopoda — contd. 

bpinterella     sp.    lnd.    ex    an.  Saranae 
X 

Spirigera  Royssii  L'Ev.  .... 
X X 

?X 

X X X 

Spirigerella  Derbyi  Waag. X X X X X 

„        n.  sp.  aff.  numismalis  Waag. X X 

Hustedia  remota  Eichw. X X X X X 

Streptorhynchus  shanensis  Dien. X 

„              cf.  semiplanus  Waag. X X 

(?)sp.  ind.  . 
X X 

Schizophoria  indica  Waag. X X X 

„          cf.  indica  Waag.  . X X 

Rhynchonella  imitatrix  Dien. X 

Michelinii  L'Ev.  . 
X 
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X 

ag  f  7?//.  (ZwfoV?  Hall.  N.  America. 
'\Rh.  incisiva  Waag..  Salt  Range, 

X X X 

T 
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GEOLOGY  OE  NORTHERN  SHAN  STATES. 

List  and  distribution  of  Anthra 

N  am  i  s. 

Shan  States. 

a 

cS 

c Ph 
e 

so 

a 

•o 

1  £ 

3 

Brachiopoda — contd. 

Oldhamina  cf.  decipiens  de  Kon. 

Productus  Cora  d' Orb.  . 

tenuistriatus  de  Vern. 

,,        Wallacei  Derby  var.  burmana 
Dien. 

X 

x 

X 

.  X  .. 

gratiosus  Waag.      .        .        .  X 

cf .  inflatus  McChesney      .       .  X     . . 

cf.  boliviensis  d'Orb.       .  X  !  X  X 

sp.  ind.  aff.  porrecto  Kut..       .  X  I  .. 

cf.  nebrascensis  Owen.     .        .  X 

Abichi  Waag   X  |  . . 

cylindricus  Waag.    .        .       .  X 

sp.  ind.  aff.  mammato  Keyserl.. 

ASIA. 

Salt  K.\Nf.E. 

Prodccti's Limestone. 

— 

.  .  X 

X  X 

ft ft 
p 

X 

X 

X  X 

x  I  X 

..  X 

X 

►J 

et 

B 
- 

X 

X  X 

X  X 

1 
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Lolithic  Fauna — continued. 

EUROPE. 
AME- RICA. 

AUSTRA- LASIA. 

Remarks. 
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Table  10 — continued. 

List  and  distribution  of  Anthra 

Names. 

ASIA. 

Shas  States. Salt  Range. 

SH 

Ar
me
ni
a.
 

Ko
hs
i 
 

Ma
ns
am
. 

e 
£ 
ft 

a 

Ph 

so 

a 

:0 

5 

PRC 

LlM 

CO 

0 

H> 

DUCTUS ESTONE. 

J2  ■- 

§  a 

Central  
Himal/ 

Brachiopoda — contd. 

rroductus  cf.  pustulatus  Keyserl. X 

** 

sp.  ind.  ..... X 

,,        sp.  ind.  ..... X 

fetropnalosia  costata  \\  aag. X X 

». 

,,        sp.  ind.  cf.  indica  Waag X X 

,,        cf.  horrescens  de  Vern X X 

,,       sp.  ind.  afT.  plicosse  Waag 
X X 

Chonetes  sp.  ind.  aff.  squamulifera  Waag  . 
x X X 

„       cf.  l&'vis  Dav.  . 
X X X 

,,       cf.  variolata  d'Orb.  . 
X 

„       grandicosta  Waag.  . X X X 

Uncinulus  cf.  timorensis  Beyr. X 
?x 

X X 
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colithic  Fauna — continued. 
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X X X 

1 

X 

1 

ItTWiiti  c\j  ~P   QpnnY'ifi/i'i/Q  IVTorfin V*J-tJLlJJ  \Jl  £  .  oLUUI  tCMt'Mo  Ji.l  1  1  IJI. 

Group  of  P.  spinulosus  Sow.(?) 

X X 

j 

aff.  Ch.  permiana,  Shum.,  Texa  . 

X X X 

X X 
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Table  10 — continued. 

List  and  distribution  of  Anthra 

ASIA. 

Shan  States. Salt  Range. < 

Names. 

an
sa
  in.
 

a 
Productcs 
Limestone. 

,  
EI
lM
AL
A 

■4 

Kehsi  
M 

1 
* 

St 

i 

J
 
 

Lo
we
r,
 

Mi
dd
le
. 

— 
ft 

13 

Ce
nt
ra
] 

% 

Brachiopoda — concld. 

Dipla-?ma  binlex  Waaf* X X X 

„      plica  Kut.  .... *  ' X X 

ap.  ind.  ..... X 

NTntnthvris  simnlfv  Waasr X  ™  ULul  1_I  *    i   i  .    LOI  III  f-'-l  *~"  i*.      I  F  j"S X X 

„        nucleolus  Kut. X X 

Camarophoria  cf.  Purdoni  Dav. X 

X? 

X X 

Marginifera  sp.  ind.  aff.  helica  Abich. X X 

X X X 

Pelecypoda. 

Pseudomonotis  sp.  ind.  .... X 
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colithic  Fauna — continued. 
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Remarks, 

X ?  X 

X 

X 

X X 

Group  of  D.  Gillingense  Dav. 

aff.  CN.  oralis  Gemm.,  Sicily. 
\N.  nucleolus  Kut.,  Russia. 

■ 

aff.  C.  mutalilis  Tscliern.,  Russia. 
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List  and  distribution  of  Anthra 

asia: 

Names. 

Shan  States. 
Salt  Range. 

►J 

i 
w 

ij 

< K H 
% H 
° 

Ar
me
ni
a.
 

Ke
li
si
  

Ma
ns
am
. 

1 

Na
mu
n.
 

a 

is 

as 
Productus 
Limestone. 

CM 

bo 

Lo
we
r.
 

Mi
dd
le
. 

Up
pe
r.
 

Pelecypoda — contd. 

Aviculopecten  sp.  ind.  aff.  subfimbriato 
de  Vern.  ...... X 

Scaphopoda. 

Antale  or  Entalis  (?)  sp.  ind. X 

Arthropod  a. 

X X 
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colithic  Fauna — concluded. 

EUROPE 

< 
a go 

< 

•A 

O 

H Ph O M 
P 
w 

p 
- 

X 

AME- RICA. 

P O a: 
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Remarks. 
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The  occurrence  of  Fusulina  elongata  and  of  several  bryozoa  and 

brachiopoda,  14  species  in  all,  shows  that  the 
Connection  with  Ame-    connection    with    America    indicated   by  the rica     and    the    Malay     .  .  ,.  .  j  ...  .  , 

Archipelago.  faunas  of  preceding  periods  was  still  kept  up,  and 
it  is  interesting  to  note  that  a  small  number  of 

species  agrees  with  those  described  by  Prof.  Eothpletz  1  from  Timor 
and  Rotti  in  the  Malay  Archipelago. 

The  composition  of  the  fauna  has  been  discussed  by  Dr.  Diener,  who 
calls  attention  to  the  importance  of  the  brachio- Composition   of    the         ,  ,  ,     ,,       .  .  , 

fauna<  poda,  and  to  the  significance  ot  the  occurrence  at 
Kehsi  Mansam  of  so  peculiar  a  type,  confined  as  it 

is  to  the  Indian  region,  as  Oldliamina.  The  list  of  species  perhaps 

emphasises  too  strongly  the  difference  between  the  faunas  of  Namun 
and  Kehsi  Mansam  as  regards  the  bryozoa,  for  these  organisms  are, 

I  think,  almost  as  numerous  at  the  latter  place  as  at  Namun,  but 

are  preserved  in  such  a  way  that  only  a  very  few  and  imperfect 

specimens  could  be  collected. 
As  Dr.  Diener  says,  the  Anthracolithic  beds  of  the  Shan  States 

must  be  placed  on  a  level  with  the  middle 

and  upper  Productus  Limestones  of  the  Salt 

Range  and  of  the  'exotic  block  '  of  Chitichun  No.  1  in  the  Central 
Himalaya.  Of  the  78  species  described,  34  are  common  to  our 
area  and  the  Salt  Range,  of  which  11  occur  in  the  lower,  24  in  the 
middle,  and  22  in  the  upper  division  of  the  Productus  Limestone 

respectively ;  while  of  those  occurring  in  the  two  latter  divisions 
17  are  common  to  both.  As  regards  the  Central  Himalaya,  17 

species  are  found  in  both  areas,  most  of  which  are  from  Chitichun 
No.  1  ;  and  these  include  the  only  trilobite  yet  found  in  these  rocks 

in  Burma,  a  single  specimen  of  Phillipsia,  allied  to  Ph.  Middlemissi 
Diener.  ,  . 

1  Palseontographica,  Vol.  XXXIX,  p.  (>2. 
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From  a  sketch  by  the  author. 

Fio.  8.  The  Gokteik  Gorge,  from  the  Natural  Bridge. 



CHAPTER  XL 

RHiETIC  STAGE. 

At  the  close  of  the  Permo -Carboniferous  period  we  meet  for  the  first 
.  time  with  a  really  important  break  in  the  sequence 

quenee"1'1'410"  "  of  fossiliferous  strata  represented  in  the  Shan States.  There  had  been  no  doubt  irregularities 
in  the  rate  of  deposition  and  in  the  distribution  of  the  sediments  over 
this  region,  but  hitherto  they  appear  to  have  been  of  a  more  or  less 
local  character,  due  to  minor  changes  in  the  relative  positions  of  land 
and  sea  ;  such,  for  instance,  as  that  which  has  been  supposed  (ante, 
pp.  1.33,  179)  to  account  for  the  local  development  of  the  Namhsim 
Sandstones  and  of  the  Zebingyi  beds.  But  now  we  are  confronted 
with  a  period  during  which  deposition  ceased  entirely  over  the  whole 
area  dealt  with,  when  it  was  raised  above  the  sea  level  and  sub- 

jected to  atmospheric  denudation. 
This  period  covers  a  great  part  of  the  Permian  and  the  whole 

Abs  nc  f  T  '•  °^  '^as'  no  B*ra*a  01  this  age  having  yet been  discovered  in  the  Shan  States  ;  but  even 

here  there  is  evidence  that  the  break  was  not  a  very  wide-spread 
phenomenon,  and  that  not  far  off  to  the  north  deposition  was  still 

going  on.  For  Triassic  rocks  are  known  to  occur  in  that  direc- 
tion in  Yunnan,  and  Mr.  Coggin  Brown  has  found  that  in  that 

country  the  Khaetic  or  Napeng  beds  of  the  Shan  States,  now  to  be 
described,  are  underlain  by  a  series  of  red  sandstones  with  coal  seams 

and  salt  deposits,  indicating  the  existence  of  a  shallow  sea  in  that  direc- 
tion. 

It  seems  probable  that,  at  the  close  of  the  great  reef-building 
period  represented  by  the  Plateau  Limestone, Nature  of  movement.      ,  .  , .      ,  ., 
there  was  a  negative  movement,  causing  the 

sea  to  desert  this  area,  and  resulting  in  a  relative  elevation  of  the 

recently  formed  reefs  above  the  sea  level,  similar  to  that  which  has 
occurred  in  recent  times  in  many  parts  of  the  Atlantic  and  Pacific. 
I  need  only  cite  the  Fiji  Islands,  Cuba,  and  Barbados  as  instances 

of  such  a  movement.  It  does  not  appear  to  have  caused  any  dis- 
location or  folding  of  the  rocks,  and  may  have  done  no  more 

than  raise  the  whole  surface  to  a  slight  elevation  above  sea  level  ; 
but  it  was  sufficient  to  bring  the  limestones,  already  thoroughly 
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crystalline  in  structure    and    dolomitised,  under    the   influence  of 
subserial   denuding    agents,    indicated  by  the 

Conglomerates.  ,  , .    ,    ,      ,  . 
presence  of  sporadic  beds  of  coarse  conglomerate, 

containing  well-rolled  pebbles  of  the  limestone,  as  well  as  of  the  older 
rocks  underlying  it.  These  conglomerates  have  all  the  appearance 
of  beach  deposits,  and  may  have  been  formed  when  the  sea  was 

again  advancing. 
When  deposition  again  set  in  with  the  advance  of  the  sea  in 

j  .  ,  h  t  Rhsetic  times,  the  beds  laid  down  were  of  a 10  og       a  ,  c  e  . .  different  character  from  those  that  had 
preceded  them,  and  are  very  unevenly  distributed.  They  are 
also  variable  in  composition,  but  the  prevailing  type  is  a  yellow 
or  variegated,  highly  argillaceous  shale  or  indurated  clay,  not 
unlike  the  We  twin  shales  in  appearance.  In  places  they  are 
impregnated  with  calcareous  matter,  and  pass  into  clunchy, 
sandy  marls,  or  tough  argillaceous  thin  bedded  limestones.  Beds 
of  a  hard,  dark  blue  limestone,  indistinguishable,  when  it  does  not 
contain  visible  fossils,  from  some  of  the  Pernio  Carboniferous  limestones, 

are  interstratified  with  the  shales,  especially  at  or  near  the  base 
of  the  formation  ;  but  though  these,  as  seen  in  thin  sections,  are 
crowded  with  fragments  of  shells,  echinoid  spines,  and  foraminifera 

(Plate  15,  Fig.  2),  the  fossils  are  only  occasionally  to  be  seen  weathered 
out  on  the  surface,  and  these  rocks  have  yielded  nothing  but  a  few 
corals,  and  those  barely  fit  for  determination. 

The  distribution  of  these  beds  is  very  capricious,  patches  of  them 
having  been  met  with  at  widely  separated  points 

Distribution.  ~    „  „,        ~,  n,  , over  the  .Northern  Shan  States,  lney  have  not 

yet  been  found  in  the  Southern  States.  Only  one  occurrence  of  them  is 
known  to  the  west  of  the  Gokteik  Gorge,  viz.,  at  Kyaukkyan  (Loc.  11, 
D  3),  at  the  point  where  the  railway  crosses  the  great  fault  scarp  between 

Hsum-Hsai  (Thonze)  and  the  gorge.  This  outcrop  was  discovered  in  by 

Mr.  Datta  in  1900,1  a  short  time  after  I  had  come  upon  another 
small  patch  of  the  same  beds  at  Kyinsi  or  Hson-oi  2  (Loc.  13,  E  2). 
close  to  the  conflux  of  the  NYunhsim  and  Nsirn-Tu  rivers  near  Bawgyo 
In  the  following  year  Mr.  Datta  discovered  what  has  proved  to  be 
the  largest  and  most  extensively  developed  occurrence  of  these  beds, 

the  large  area  to  the  east  and  south-east  of  Napeng  (Loc.  14,  E  2,  Locs. 
15-22,  E  3),  a  small  village  after  which  the  formation  has  been 

l  General  Report,  OeoU  Surv.  bid.,  1899-1900,  p.  109. 
*lbid,  p.  93. 
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named  on  account  of  the  existence  close  to  it  of  a  very  rich 

fossiliferous  deposit,  about  nine  miles  to  the  east  of  Pyaung- 
gaung  railway  station.  Since  then  other  outlying  patches  of  the 

shales  have  been  found,  two  of  them  far  to  the  east  on  the  south- 

ern flanks  of  the  Loi-len  range  (Loc.  24,  I  1,  Loc.  25,  J  1),  and 
a  third  to  the  north,  too  small  to  be  marked  on  the  map,  near 

Man  Sam  (F  1),  on  the  trade  route  leading  north  from  Hsipaw. 
I  have  already  pointed  out  (ante,  p.  262)  that  the  discovery  of 

Fusulina  in  some  of  the  limestones  in  the  valley  of  the  Nam-Tu 
near  Htengnoi  makes  it  doubtful  whether  the  whole  of  the  area 
coloured  on  the  map  as  Napeng  beds  to  the  south  of  that  place 

really  belongs  to  this  formation  or  not. 

The  occurrence  of  these  beds  at  Man  Sam  is  of  special  interest, 
as  it  is  the  only  instance  yet  found  in  which 

beds!kti0n  t0  °verlyiug    the   Napeng   shales   are   associated    with  the 
overlying  formation ;  though  even  here  the  section 

is  so  obscure  that  their  exact  relations  could  not  be  ascertained,  in 

spite  of  an  attempt  made  to  expose  them  by  excavation.  It  is,  how- 
ever improbable  that  any  considerable  break  took  place  between  the 

deposition  of  the  Napeng  and  Namyau  beds,  and  the  general 
absence  of  the  former  along  the  boundary  separating  the  latter  from 

the  Plateau  Limestone  must  be  explained  on  other  grounds  than 
partial  denudation  of  a  continuous  formation. 

If  we  consider  the  conditions  that  probably  prevailed  when  the 
sea  again  invaded  this  area,  after  the  Triassic 

^Conditions  of  deposi-  j  ^    &    gimple    explanation  of the  facts  observed  will  appear.  We  have  a  wide 

expanse  of  coral  reefs,  raised  for  a  period  to  a  sufficient  height  above 
sea  level  to  be  exposed  to  denuding  agents  and  worn  into  ridges  and 

hollows,  many  of  the  latter  perhaps  cup-shaped  depressions  similar  to 
those  which  are  being  formed  at  the  present  day.  If  an  irregular 
surface  of  this  kind  were  gradually  covered  by  the  waters  of  the 
sea,  so  as  to  be  just  awash,  it  would  be  natural  that  the  sediment, 
most  of  it  of  an  exceedingly  fine  character  derived  from  the  residue 
left  by  the  degradation  of  the  limestones  still  above  water,  would  silt 
up  the  hollows,  some  of  which  might  be  at  times  cut  off  from 

communication  with  the  open  sea  or  from  each  other.  In  this  man- 
ner the  absence  of  these  beds  in  positions  where  one  would  expect 

to  find  them  is  accounted  for,  without  having  to  suppose  thaf  a 
temporary  reversal  of  the  downward  movement,   with  consequent 
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denudation,  took  place ;  and  at  the  same  time  this  suggestion 
accounts  for  several  peculiarities  in  the  nature  of  the  fauna,  which 
have  been  found  to  be  characteristic  of  the  various  isolated  occur- 

rences of  these  beds. 

For  instance,  in  the  small  patches  under  the    Loi-len  range  at 
Lukhkai   and   Man    Kio,    the   fossils,  though 

coSSoJT    °f    'OCal   ̂ cognisable  as  belonging  to  the  Napeng  beds, 
are    all    ill -developed,    possessed  of  extremely 

thin  shells,  and  so  stunted  in  size  that  they  appeared  to  be  hardly 
worth  collecting ;  whereas  many  of  the  shells  found  in  the  broad 

Napeng  area  are  of  large  size,  and  some  of  them,  those  of  the  Gervil- 
lias  and  Myophorias  in  particular,  were    evidently  very  massive. 
This  difference  may  be  accounted  for  on  the  supposition  that  the 

Lukhkai  deposit  was  formed  in  a  small,  more  or  less  isolated  de- 
pression,   in   which    suitable    food  was  scarce. 

Sin  -  o  e  at  again  there  is  a  very  interesting  occur- Nawngping.  °  J  & 
rence  near  Nawngping  (Loc.  12,  D  3);  the  first 

station  on  the  railway  east  of  the  Gokteik  Gorge.  At  this  spot,  two 

miles  north  of  the  station,  Mr.  Datta  discovered,  in  a  '  borrow  pit '  beside 
the  line,  a  bed  of  shale  exactly  resembling  that  of  Napeng,  but  with 
a  totally  different  assemblage  of  fossils,  though  there  is  no  reason 

to  suppose  that  they  do   not    belong    to  the  same  period.1  The 
most  interesting  forms  are  fragments  of  decapod 

Crustacean  remains.  ...      _  ...     .    *  . 
Crustacea,    among    which    Dr.    H.  Woodward, 

to  whom  they  were  submitted,  has  recognised  the  remains  of  prawns 
and  shrimps,  but  so  imperfectly  preserved  that  even  the  genera  cannot 

be  determined.  Fragments  of  a  large  Posidonomya,  specifically  indeter- 
minable, and  a  small  Lingula  are  also  present.  Further  excavations 

have  been  made  at  the  spot  both  by  Mr.  Datta  and  myself,  but  we  have 
not  been  able  to  discover  cither  the  extent  or  the  thickness  of  the 

deposit.  On  the  opposite  side  of  the  line,  however,  I  found  what 

appears  to  be  the  edge  of  a  depression  in  which  the  clays  may 
have  been  accumulated ;  for  the  surface  of 

deposit?1*      travertme    the   Plateau   Limestone,   at   the  point  where a  low  ridge  composed  of  it  abuts  on  the  line, 

is  covered'  with  a  calcareous  deposit  in  which  numerous  casts  of 
minute  gastropods  and  some  bivalves  are  embedded.  At  first 
sight  these  seemed  to  be  weathered  out  of  the  limestone,  but  on 

examining  thin  sections  of  the  latter  under  the  microscope  1  could 
detect  no  trace  of  an  organism,  and  moreover  the  fossils  havo  been 

1  Crucial  Report,  Geol.  Sun:  Ind.,  1899-1900,  p. 
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shown  to  belong  to  a  much  later  date  than  the  limestone,  and 

to  be  of  either  Rhaatic  or  lower  Jurassic  age.1  In  fact,  the  fos- 
siliferous  part  of  the  rock  seems  to  be  a  coating  of  calcareous 
tufa  or  travertine,  deposited  in  Rhaetic  or  Jurassic  times  on  the 

edges  of  a  '  sink-hole  '  or  '  pip  i  '  in  the  limestone  while  the  centr? 
of  the  depression  was  being  filled  up  by  silt,  on  which  the  Crustacea, 

etc.,  lived.2 
In  the  main  area  of  these  rocks,  to  the  east  and  south-east  of 

Napeng,  they  are  frequently  and  highly  dis- 
^  Local  disturbance  of  turbed  and  contorted  in  a  most  irregular  man- 

ner. The  beds  are  often  horizontal  or  only 

slightly  tilted  for  a  space,  but  within  a  few  yards  they  may  be 
violently  folded  and  crushed,  as  if  they  had  been  masticated  between  a 

giant  pair  of  jaws  or  passed  through  a  '  pug-mill.'  This  contortion 
of  the  strata  is  too  irregular  to  be  ascribed  to  a  general  earth  thrust ; 
and  I  think  that  a  simple  explanation  of  it  may  be  found  in  the 
gradual  underground  solution  of  the  limestone  floor  on  which  the 
formation  rests,  which  has  caused  the  shales  to  settle  down  in  some 

places  while  remaining  undisturbed  in  others.  Mr.  H.  B.  Medlicott 

has  described,  and  explained  in  the  same  manner,  a  similar  phen- 

omenon at  Chen  a  Punji  in  the  Khasi  Hills  of  Assam,3  where  upper 
Tertiary  sandstones  and  shales,  overlying  a  land  of  nummulitic 
limestone,  have  been  let  down  and  broken  up  by  the  dissolving 

away  of  the  limestone  beneath.  Then  again,  if  I  am  correct  in 

thinking  that  the  shales  were  accumulated  in  a  depression  in  the  lime- 
stone, it  is  not  at  all  unlikely  that  the  floor  of  the  hollow  was  very 

irregular,  and  that  when  the  rocks  were  again  exposed  to  denu- 
dation, a  good  deal  of  slipping  took  place,  which  would  account 

for  much  of  the  disturbed  appearance  of  the  beds. 

The  discovery  of  the  Napeng  fauna  in  the  first  instance  aroused 

f  th  f  f  a  considerable  amount  of  controversy,  
echoes 

Age  oft  e  ormahon.  ̂   which  Wl\\  be  found  in  the  General  Reports 
for  the  years  1899  to  1903,  among  the  officers  of  the  Survey  regard- 

ing the  age  of  the  beds.  When  Mr.  Datta  and  I,  the  one  at 

Kyaukkyan  and  the  other  at  Kyinsi  (Hson-oi),  first  came  upon  this 
fauna,   we   were   both   struck   by   its   apparently   Mesozoic  facies  ; 

1  Miss  M.  Healey,  The  Fauna  of  the  Napeng  Beds  or  the  Rhsetic  Beds  of  Upper 
Burma  ;  Pal.  Indica,  New  Series,  Vol.  II,  Mem.  No.  4,  p.  87. 

2  On  my  last  visit  to  this  locality,  in  December  1906,  none  of  these  fossils  were  to 
be  found.  In  the  few  years  that  had  elapsed  since  the  rock  was  exposed  by  the  cutting 
made  for  the  railway  every  trace  of  the  old  travertine  deposit  and  of  the  fossils  contained 
in  it  had  been  removed  by  weathering. 

3  The  Coal  of  Assam;  Memoirs,  Oeol.  Surv.  Ind.,  Vol.  IV,  p.  424, 
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but  when  our  collections  reached  Calcutta,  our  official  palaeontologist 
at  that  time,   Dr.   Noetling,   recognising  one  or  two  specimens  of 

Conocardium  among  them,  affirmed  the  beds  to  be  either  of  Dev- 
onian or  Carboniferous  age.   It  is  due  to  Mr.  Datta    to  say  that 

he  did  not  agree  with  this  determination ;  and  when  in  th3  follow- 
ing year  he  discovered  the  rich  deposits  of  Napeng,  and  brought 

back  a  fine  collection,   including  well  preserved   casts  of  a  fossil 

which   Dr.   Noetling  recognised   as   Myophoria,  the   beds  were  un- 
hesitatingly   referred    to    the    Trias.     Subsequently,    however,  Mr. 

C.   L.    Griesbach,  then  Director  of   the  Survey,  and  Dr.  Noetling 

visited  the  localities  in  person,  and  on  the  latter  himself  extracting 
a  fossil  which  he  declared  to  be  an  undoubted  Conocardium  (see 

General  Report  for  1901-02,  p.  24),   the  original  supposition,  that 
the  beds  were  Devonian,  was  reverted  to,  Mr.  Datta  still  remaining 
in  opposition.     The  question  was  not  finally  set  at  rest  until,  in 
1903,  I  took   a  selection  of  the  fossils  to  the  International  Geolo- 

gical Congress,  held  that  year  in  Vienna,  and  submitted  them  to  the 
inspection  of  several  well  known  palaeontologists.     Even  then  there 

was  a  considerable  divergence  of  opinion,  but  the  detection  by  Prof. 
Ed.  Suess,  who  with  his  customary  urbanity  was  kind  enough  to 
devote  some  little  time  to  a  study  of  the  collection  of  a   species  of 
Oyster    (Alectryonia),  showed   at   any   rate   that   the   fossils  were 
Mesozoic ;  and  that  by  Prof.  Kossmat  of  the  characteristic  Rhaetic 
species,  Pteria  (Avicula)  contorta,  determined  without  question  the 
horizon  to  which  they  should  be  referred.   The  difficulty  of  arriving 
at  a  decision  had  been  greatly  enhanced  by  the  fact  that  little  or 
no  assistance  could   be  derived  from  stratigraphical   evidence  ;  for 
in  no  single  occurrence  were  the  relations  of  these  beds  to  the 
Plateau   Limestone   clearly   exposed.     For   instance,    in   the  Plate 

attached  to  Mr.   Datta's  first  account  of  the  rocks   (see  General 
Report  for  1899-1900,  p.  96,  figs.  7,  8,  and  9),  the  Napeng  beds,-  or 
Kyaukkyan  Series  as  they  were  called  in  that  report, — are  shown  as 
forming  a  synclinal  passing  under  the  limestones  ;  and  it  was  not  until 
the  actual  boundary  was  exposed  by  excavation  that  it  was  found 
that  the  shales  were  let  down  against  the  limestone  by  a  fault. 

In  the  end  the  collections  were  entrusted  to  Miss  M,  Ilealev, 

.  ,  of   Lady   Margaret   Hall,   Oxford,    for  descrip- 
(  haractcrs  of  fauna.       .  ,      .  ,±        .  r tion,  and  the  lesults  ot  her  researches  were 

published  in  the  PalcBontohgia  Indira  in  19(18.'    Miss  Healey  was  utile 

1  Now  Scries,  Vol.  II,  Mem.  No.  4. 
U 
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so  confirm  Dr.  Noetiing's  identification  of  Conocardium  among  the 
tpecimens  submitted  to  her,  as  well  as  the  presence  of  two  other 
genera  which  had  survived  from  Palaeozoic  times,  viz.,  Modiolopsis 
and  Paloeoneilo ;  the  latter  an  American  genus  which,  as  we  have 
seen,  was  particularly  abundant  in  the  Devonian  Wetwin  Shales. 
There  is  indeed  a  very  close  lithological  resemblance  between  the 
shales  of  Wetwin  and  the  more  argillaceous  portions  of  the  Napeng 
beds,  and  in  the  absence  of  fossils  it  would  be  quite  impossible  to 

distinguish  between  them.    But,  as  Miss  Healey  remarks — 

"  the  presence  of  Paloeoneilo  can  cause  no  surprise  since  Bittner  has  shown 
that  several  species  from  St.  Cassia n  belong  to  it."    (Op.  cit.,  p.  3). 

Moreover,  the  occurrence  of  Fteria  (Avicula)  contorta  Portl.,  the 
zone  fossil  of  the  Rhaetic,  with  Grammatodon  Lycettii  Moore  and  Gervillia 

prcecursor  Quenst.,  both  characteristic  fossils  of  the  same  horizon,  as 
well  as  the  presence  of  several  species  that  closely  resemble  Rhaetic 
forms,  taken  together  with  the  clearly  developed  Mesozoic  facies  of  the 
whole  fauna,  as  shown  by  the  abundance  of  such  genera  as  Myophoria, 

Pecten,  Cardium,  etc.,  is  more  than  sufficient  to  outweigh  the  evidence 
derived  from  the  survival  of  one  or  two  Palaeozoic  forms. 

The  fossils  described  by  Miss  Healey  are  entered  in  Table  11 

as  having  been  collected  at  three  localities, 

Kyaukkyan,  Hson-oi,  and  Napeng.  As  a 
matter  of  fact  those  from  the  last  named  place  were  collected  from 
a  number  of  different  spots,  details  of  which  will  be  found  in  the 

Tables  attached  to  Miss  Healey's  Memoir  (Op.  cit.  p.  88  ).J  But 
as  the  beds  are  practically  continuous  over  the  area  shown  on  the 

map,  and  almost  certainly  belong  to  one  horizon,  while  there  is 
hardly  an  outcrop  exposed  along  the  paths  in  any  direction  in 
which  fossils  may  not  be  found,  I  have  thought  it  unnecessary  to 
repeat  these  details  here.  (Illustrations  of  a  few  of  the  new  species 
are  shown  in  Plate  27.) 

1  These  are  all  situated  within  the  square  E  3  on  the  map,  with  the  exception  of 
Nawngleng  (Loc.  14,  E  2).  The  following  are  the  names  of  the  localities  shown  on  the 

map  : — ■ Loc.  15  Na-peng. 
16  Naunghkam. 
17  Nawnghkio. 
18  Nampen. 
19  Hkawkwo-lam. 
20  Na-nim. 
21  Nawngkwang. 
22  Namhu-ikkyi 
2:{  Loi-lam. 



Table  11, 

List  or  Napeng  Fauna 
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Over  the  greater  part  of  the  Napeng  area  the  beds  consist  of  yellow 
_ .  ,  ,   .  ,      ,  argillaceous    shales    and    soft,    sandy  marls, 
Lithological     cnarac-  .  .  '       ,  * 

ters,  Napeng  area.  sometimes    passing    into    hardened    grey  cal- 
careous shales,  with  here  and  there  a  band  of 

hard  blue  limestone.  One  band  of  this  latter  rock  is  fairly  per- 
sistent, and  seems  to  occur  at  or  quite  close  to  the  base  of  the 

formation.  It  is  a  dense,  compact,  splintery  rock,  usually  crowded 
with  fragments  of  shells,  which  show  only  on  the  weathered  surface 
of  the  rock  or  in  thin  sections  under  the  microscope.  Sections 

cut  from  this  limestone  near  Napeng  and  Loi-lam  contain  numerous 
minute  foraminifera,  including  representatives  of  the  families  Lit- 
uolidce,  Miliolidce,  and  Textularidce,  but  as  they  can  only  be  seen 
in  this  manner,  their  specific  identity  cannot  be  ascertained  (Plate 
15,  fig.  2). 

At  Kyaukkyan  (Loc.  11,  D  3)  the  fossiliferous  beds  consist  of 
yellow  shales,  resting  upon    a    band    of  dark 

Kyaukkyan.  limestone  similar  to  that  described  above. 
They  are  well  exposed  in  the  cuttings  on  the  cart-road  and  on  the  rail- 

way, both  of  which  pass  through  a  notch  in  the  great  Kyaukkyan  scarp 
at  this  point.  The  shales  no  doubt  owe  their  preservation  to  the  fact 
that  they  have  been  let  down  against  the  hard  Plateau  Limestone 
by  a  fault,  already  mentioned.  They  are  exposed  over  a  very 
small  area,  and  do  not  extend  for  more  than  a  few  hundred 

yards  to  the  north  or  south  of  the  gap.  At 

Hson-oi  (Loc,  13,  E  2)  also,  only  a  small  patch 
of  these  beds  is  exposed,  in  a  low  cutting  on  the  railway  just 

before  it  crosses  the  cart-road  above  the  railway  bridge  over  the 
Namhsim  river,  and  immediately  beyond  the  cutting  shown  in  Plate 
21.  Here  the  beds  are  harder  and  more  calcareous  than  at 

Kyaukkyan,  of  a  light  grey  colour,  and  some  of  the  fossils  have 
their  shells  preserved.  Here  also  they  are  associated  with  a  band 
of  hard  blue  limestone,  on  the  weathered  surface  of  which  corals, 

Lophosmilia,  Isadrcea,  etc.,  are  visible. 

If  we  compare  the  lists  of  fossils  given  on  previous  pages  of  this 
Memoir  with  that  shown  in  Table  11,  it  will 

Loral    character    o     be   notiCed   that   the  number   of   new  species fauna.  r 
which  it  has  been  found  necessary  to  establish 

bears  a  much  higher  proportion  to  the  total  in  the  case  of  the 
Napeng  beds  than  in  that  of  any  of  the  Palaeozoic  formations.  The 

figures  are  given  in  Table  12. 
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Table  12. 

Formation. 
Total  No. 

New Percentage 

of  species. 
species. 

of  new 

species. Naungkangyi  . 
47 19 

40-5 
Namhsim 41 7 170 
Zebingyi  . 20 3 

15-0 Padaukpin 166 26 

15-5 Wetwin  . 30 8 

26-6 

Permo-Carboniferous 

78 

5 7-7 

Napeng  Beds  . 
81 

43 

53-0 Thus,  of  the  81  species  described  from  the  Napeng  beds  43,  or 
more  than  half,  are  new,  while  of  the  rest  not  more  than  three 

have  been  identified  with  forms  occurring  elsewhere,  and  six  can 

only  be  compared  with  species  already  known,  the  remainder  being 

indeterminable.  But  even  this  statement  does  not  completely  ex- 
press the  peculiar  nature  of  this  fauna.  In  describing  it  Miss 

Healey  has  found  it  necessary  to  establish  two  new  families,  the 

Burmesiidw  and  the  Dottidce,  and  to  refer  to  them  three  new  gen- 
.  era,  Burmesia  and  Proloria  to  the  former,  and 

so  a  ion  o  .     j)aua  to  the  latter.     From  these  facts  alone 
it  is  evident  that,  in  the  interval  between  the  deposition  of  the 

Permo-Carboniferous  limestones  and  that  of  the  Napeng  beds,  great 

changes  in  the  relations  of  sea  and  land  must  have  occurred,  re- 
sulting in  the  comparative  isolation  of  the  basin  of  which  the 

Shan  sea  at  this  time  formed  a  part. 
How  far  this  basin  extended  to  the  north  and  south  is  not 

yet  known.  In  Yunnan,  Mr.  Coggin  Brown 
has  found  beds  containing  some  of  the  peculiar 

Napeng  fossils,  including  Burmesia,  Palceoneilo,  etc.,  resting,  not 
directly  upon  the  Carboniferous  limestone,  as  in  the  Shan  States, 
hut  upon  a  series  of  red  sandstones  and  shales  with  beds  of  coal 

and  salt  which  he  considers  to  be  of  Pcrmo-Triassic  age.  To  the 
south  it  is  interesting  to  find  that  one  of  the  characteristic  Napeng 
species,  Modiolopsis  gonoides,  has  been  identified  by  Miss  Healev 

„ ,    _  .    ,  with   a    fossil,  doubtfully  described  as  Pleuro- 
Malay  Peninsula.  T  ,  _,.  '       -_      _    M  , 

pnorus  elongatus  Moore  by  Mr.  E.  T.  Newton, 

which    is    found    in    some    soft,   light    fawn   coloured  sandstones, 

Extension  to  Yunnan. 

1  Marine  TriuHsie  Luruellibruneks  discovered  iu  tbu  Mulay  Peninsula  ;  1'ioc.  JJulac. 
Sec.  London,  Vol.  IV,  p.  130. 
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a  description  that  would  apply  to  portions  of  the  Napeng  beds, 
discovered  by  Mr.  H.  F.  Bellamy  on  the  Lipis  river  in  the  Malay 
Peninsula.  These  beds,  which  also  contain  several  Myophorias  as  well 

as  Chlamys  valoniensis,  a  characteristic  Rhsetic  fossil,  have]  been 
referred  by  Mr.  Newton  to  the  uppermost  Trias  or  Rhsetic ;  and 

it  should  be  noticed  that  the  composition  of  the  fauna,  consisting 
as  it  does  entirely  of  lamellibranchs,  is  similar  to  that  of  the 

Sumat  Napeng  shales.    Further  to  the  south-east  again, in  Sumatra,  some  shaly  limestones  at  Boekiet 

Kamdoeng  and  Loerah  Tambang,  on  the  west  coast  of  the  island, 

referred  by  Prof.  Boettger  to  the  Tertiary  period,1  have  been  shown 
by  Miss  Healey  to  contain  at  least  three  species  (named  respectively 
Hemicardium  myophoria,  Cardiia  cjlobularis,  and  Pinna  Blanfordi  by 
Prof.  Boettger),  which  resemble  three  of  the  Napeng  forms,  Myophoria 
napengensis,  Cardita  singularis,  and  Pinna  cf.  Blanfordi  so  closely 
that  Prof.  Boettger  himself  has  agreed  that  the  Sumatra  beds  must 
now  be  relegated  to  the  Rhsetic.  In  these  beds  also  the  great 

majority  of  the  fossils  are  lamellibranchs.  Thus  it  appears  that 
the  equivalents  of  the  Napeng  beds  had  a  fairly  wide  distribution 
in  the  Eastern  seas  of  the  Rhsetic  period,  but  that  in  each  case 
the  fauna  possessed  a  distinctively  local  character. 

It  is  perhaps  hardly  possible  that  a  more  striking  instance  could 
be  found  of  the  difficulty  that  exists  in  determining  the  exact  age 
of  a  formation,  when  the  only  palseontological  evidence  at  hand  consists 
of  the  casts  of  mollusca,  and  in  the  absence  of  clear  stratigraphical 

evidence,  than  this  reference  of  beds  really  belonging  to  one  and 
the  same  horizon,  on  the  one  side  to  the  Devonian,  as  in  the 

Shan  States,  and  on  the  other  to  the  Tertiary,  as  in  Sumatra. 
No  trace  of  the  peculiar  fauna  of  the    Napeng  beds    has  yet 

been  met  with  in  the  Himalaya.     The  rocks 

ffimakVaentS     "    ̂    1x1  that  area  o^^^g  the  Trias  of  SPiti  and Kumaon,  referred  by  Dr.  Diener    and  others 

to  the  Rhsetic  period,2    comprise   the  Para  Limestone  of  Stoliczka,3 
corresponding  with   the  Dachsteinkalk   of  the  Eastern  Alps,  and 
containing  large  numbers  of  Megalodon  and  Diccrocardium,  but  very 

1  Die  Tertiarformation  von  Sumatra  und  ihrc  Thierreste  ;  Patceontographica,  Suppl. 
II,  Lief.  8,  9. 

2Ladinic,  Carnic,  and  Noric  Faunae  of  Spiti ;  Pal.  Ind.,  Ser.  XV,  Vol.  V,  Mem. 
No.  3,  p.  150  ;  Manual,  Geology  of  India,  2nd  Edn.,  p.  131. 

3  Geological  sections  across  the  Himalayan  mountains  ;  Mem.  Geol.  Surv.  Ind.,  Vol. 
V,  p.  62  ;  C.  L.  Grisbach,  Geology  of  the  Central  Himalayas  ;  Ibid,  Vol.  XXIII,  p.  72. 
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few  other  fossils,  and  none  that  are  specially  characteristic  of  the 

'  Avicula  contorta  '  zone.  Further  west,  in 
Northern  Afghanistan,  a  series  of  sandy  beds 

with  seams  of  coal  was  ascribed  by  Mr.  C.  L.  Griesbach  to  the 

Rhsetic,1  but  these  beds  have  now  been  shown  by  Mr.  Havden  to 
belong  probably  to  a  much  higher  horizon,  and  are  considered  by 

him  to  be  the  equivalents  of  the  plant-bearing  beds  of  Russian 
Turkestan,  that  is  to  say,  deposited  in  a  different  basin  from  that 

of  the  Triassic  beds  of  the  Himalaya.2  No  strata  that  can  with 
certainty  be  ascribed  to  the  Rhsetic  stage  have  yet  been  found  in 
that  area. 

The  composition  of  the  Napeng  fauna  also  presents  a  strong  con- 
trast to  that  of  the  faunas  that  preceded  it,  with 

Composition  of    the    the  exception  of  the  Wetwin  shales,  in  that,  so fauna.  .  .  .  . 
far  as  it  has  been  described,  it  consists  almost 

entirely  of  lamellibranchs,  with  a  few  gastropods  and  a  single 
brachiopod.  But  it  should  be  remembered  that  we  know  practically 
nothing  of  the  fauna  that  built  up  the  limestones  associated  with  the 
shales,  except  that  it  must  have  consisted  to  a  great  extent  of 

brachiopoda  and  perhaps  corals.  Sections  of  the  shells  of  brachiopods 
and  gastropods,  and  of  the  spines  of  echinoderms  are  not  uncommon 
in  some  of  the  limestones,  and  near  Napeng  I  found  the  remains  of 

a  'large  sea-urchin  in  a  soft  marly  layer,  but  in  such  a  rotten 
condition  that  even  the  genus  could  not  be  made  out.  The  similarity 
in  composition  between  the  fauna  of  these  shales  and  those  of 

Wetwin  is  significant,  for  it  tends  to  confirm  Mr.  Cowpor  Reed's 
suggestion  (see  above,  p.  254)  that  the  peculiarity  of  the  Wetwin 
fauna  is  due  to  bionomical  surroundings  ;  and  indeed  I  have 

very  little  doubt  that  the  two  sets  of  beds  were  deposited  under 
much  the  same  conditions,  repeated  in  the  case  of  the  Napeng  shales 

after  a  prolonged  interval  of  time.  The  recurrence  in  the  Napeng 
beds  of  the  American  genus  Palcroneilo,  the  most  common  fossil 

represented  at  Wetwin,  is  very  suggestive  in  this  connection. 
The  fossils  collected   from   the  ancient  travertine  deposit  north 

,i„.  fossils       of  NawnSl)ing  (Loc-  12>  D  3),    mentioned  on p.  287,  have    also     been    described    by  Miss 

Healey  {op.  cit.,  pp.  87,  88),    but  none  of  them  can  be  definitely 

1  Field  notes  from  Afghanistan  ;  Rrrorrls,  <  !<(>!.  Sim:  I  ml.,  Vol.  XIX,  P(.  t,  p.  243. 
2  Geology  of  Northern  Afghanistan  ;  M emoirs,  Oeol.  Surv.  I  ml.,  Vol.  XXXIX  pt 

J,  pp.  32,  79. 
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determined.  They  consist  of  a  very  small  species  of  Pteria 
(Avicula),  three  very  small  gastropods  referred  to  Worthenia,  and 
perhaps  species  of  Loxonema  and  Acteonina.  All  that  can  be  said 

of  them,  as  Miss  Healey  remarks,  is  that  they  "may  very  well  be 
of  Rhsetic  or  lower  Liassic  age." 



CHAPTEK  XII. 

JURASSIC  SYSTEM. 

Namyau  Series. 

Attention  has  already  been  drawn  to  the  fact  that  there  is  no 
evidence  of  a  stratigraphical  break  between 

formityV1  °  unC°n  the  Napeng  beds  and  those  that  succeed  them, the  absence  of  the  former  at  the  base  of  the 

overlying  formation  being  accounted  for  by  irregularities  in  the 
limestone  floor  upon  which  both  were  laid  down.  The  change  in 

the  character  of  the  deposits,  which  is  well  marked,  seems  to  have 
been  caused  by  the  circumstance  that,  as  the  sea  encroached  upon 
the  land,  its  shores  in  time  extended  up  to  the  foot  of  the 

highlands,  composed  of  ancient  crystalline  and  other  more  or  less 

siliceous  rocks,  which  had  surrounded  the  Devon-Carboniferous  sea, 
and  that  the  sediment  resulting  from  the  degradation  of  these 
older  rocks  was  discharged  directly  into  its  waters  and  spread  over 
the  sea  floor. 

In  the  first  instance,  perhaps  contemporaneously  with  the  deposi- 
tion  of   the   Napeng   beds,   banks   of  coarse 

Conglomerates  at  base.  ,  .  .  ' ~  .        „  ..       ,  ,, conglomerate,  consisting  of  well  rolled  pebble 
of  the  Plateau  Limestone  and  of  the  mor«j  ancient  rocks,  set 
in  a  sandy  calcareous  matrix,  were  laid  down ;  but  these  are  by 
no  means  continuous,  and  perhaps  merely  mark  the  position  of 
beaches  surrounding  portions  of  the  irregular  limestone  floor  that 
remained  for  a  time  above  water,  and  they  are  confined  entirely 
to  the  base  of  the  formation.  Good  examples  of  this  conglomerate 

are  to  be  seen  on  the  Nam-Tu,  a  short  distance  above  Ta-ti  ferry 
(Loc.  7,  F  2),  on  the  trade  route  leading  north  from  H  .si  paw,  and  at 
Htengnoi  lower  down  the  river.  As  the  sea  deepened  the  material 

deposited  became  fine-grained,  sandy  or  argillaceous,  and  a  formation, 
consisting  in  the  main  of  alternating  beds  of  sandstones,  shales  and 

clays,  with  very  subordinate  carbonaceous  layers,  was  gradually 
built  up.  It  does  not  appear,  however,  that  the  water  ever  became 

very  deep,  for  the  sandstone  layers  are  often  beautifully  ripplr- 
niarked.  Examples  of  this  structure  may  be  seen  in  the  deep 
cuttings  on  the  railway  abovo  Hsipaw,  where  the  hills  come  down 

to  the  banks  of  the  Nam-Tu, 
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Thickness. 

The  whole  series  is  distinguished  by  its  colour,  which  is  gen- 
erally   a    dark    rod,    often    with    a  decided 

i  Lithological     charac-    purplish  tinge  ;  but  beds   of  grey,  pepper  and 
salt  sandstones,  and  bands   of  yellow  clay  are 

sometimes  interstratified,  especially  in  the  higher  parts  of  the  series. 
,,,   ,,    .  The  sandstones  rule,  soft  and  friable, 
Weathering.  ' 

and  are  only  occasionally  hard  enough  to  be  used 

as  building  stone  ;  consequently  the  areas  composed  of  these  rocks 
are  readily  affected  by  denudation,  and  invariably  consist  of  an 
intricate  network  of  ridges  and  ravines  with  no  marked  uniformity 
in  direction,  the  whole  covered  with  dense  forest,  and  almost 

trackless  ;  the  inhabitants  being  few  and  their  villages  and  patches 
of  cultivation  only  met  with  at  long  intervals. 

Nothing  definite  can  be  said  about  the  thick- 
ness of  the  formation,  for  the  absence  of  continuous  sections  and 

of  an  upper  limit,  coupled  with  the  intense  disturbance  of  the  beds, 
the  prevalence  of  faults,  and  the  enormous  amount  of  denudation 

that  the  series  has  undergone,  make  it  impossible  to  give  even  an 
approximate  estimate,  but  it  must  amount  to  several  thousand  feet. 

In  the  earlier  stages  of  this  epoch  bands  of  limestone  were 
,  formed  at  intervals,  none  of  them  more  than 

Limestone  bands.  .        ,  .  .        ,  .  . 
a  tew  teet  thick,  but  very  uniform  m  thick- 

ness and  often  persistent  for  several  miles.  They  were  perhaps  accumu- 
lated at  times  when,  for  one  reason  or  another,  the  supply  of 

sandy  or  muddy  sediment  was  cut  off,  and  their  absence  from  the 

upper  portion  of  the  series  is  an  indication  of  the  setting  in  of 

more  uniform  conditions  as  time  went  on.  They  are  usually  homo- 

geneous in  texture,  very  compact  and  fine-grained,  but  often 
argillaceous  and  abounding  in  fossils,  passing  into  shelly  limestones. 
Being  easily  weathered  these  bands  form  no  conspicuous  feature  on 
the  surface,  and  owing  to  the  density  of  the  forest  they  can  only 
be  traced  at  intervals,  in  the  stream  beds  and  on  the  paths,  and  the 

course  of  those  shown  on  the  map  is  therefore  partly  conjectural  ;  but 

they  indicate  very  clearly  the  direction  of  the  prevailing  strike  of  the 
formation,  from  N.N.E.  to  S.S.W.,  and  the  profound  disturbance 

that  the  rocks  have  undergone,  for  they  generally  dip  at  high 
angles  and  are  often  vertical. 

It  is  evident  that  this  formation  must  have  once  covered  a 

very  much  wider  area  than  it  dot's  at  present, 
Distribution.  ,     *  .    ,  ,  ,  ,        ,  . but  it  has  sunered  so  greatly  from  denudation 
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that  it  is  now  entirely  removed  from  the  western  portion  of  the  Shan 
plateau.  No  occurrence  of  it  is  known  to  the  west  of  the  Gokteik 
gorge,  and  to  the  east  it  makes  its  first  appearance  at  the  conflux 

of  the  Namhsim  with  the  Nam-Tu  near  Bawgyo.  To  the  north 
and  south  of  Hsipaw  it  covers  a  very  wide  area,  and  it  is  well 

developed  along  the  railwav  from  that  place  towards  Lashio,  es- 
pecially in  the  valley  of  the  Namyau  river,  from  which  its  name 

has    been    taken.     The    magnificent    falls  of 
Man-sang  Falls.  .  .  r 

Manlong-Man-sang    on  this  river  (sze  Jbrontis- 
piece)  between  Se  In  and  Manhpwi  stations,  owe  their  existence  to 
the  more  rapid  erosion  of  the  red  beds  as  compared  with  that  of  the 
Plateau  Limestone,  against  which  the  former  are  let  down  by  a  fault 
crossing  the  river  below  the  falls.    A  study  of  the  map  will  show  that 

the    boundary    of    the    formation  frequently 
Faulted  boundaries.  .  "       ,     ,,       4     -,    ..    .         -i  ,1 coincides  with  a  taulr.  And  it  is  evidently  to 

this  circumstance, — that  the  red  beds  have  been  faulted  down  among 
the  hard  limestones, — that  in  most  cases  they  owe  their  preservation 
from  complete  denudation  ;  though  here  and  there  outlying  patches 
may  be  found  which  are  not  protected  by  faults,  as  for  instance 

on  the  plateau  south  of  the  cart-road,  between  Hsipaw  and  the 
Nampawng. 

To  the  east  of  Lashio  there  is  another  large  area  of  these  rocks, 

extending  from  the  northern  side  of  the  Nam- 

pawng valley  in  a  north-easterly  direction  to 
and  beyond  the  Lashio  coal-field  on  the  Namyau.  On  the  latter 
river  these  beds  attracted  the  attention  of  Dr.  Noetling,  who  refers 

to  them  as  "  red  sandstones  of  undetermined  age,"1  but  he  was 
not  aware  of  their  extension  to  the  north  and  south,  and  in- 

troduces a  somewhat  fanciful  theory  to  account  for  their  presence 

in   the   river  valley    ('.p.  dt.,  p.  102,  sei  ant-',  p.  5).     How  much 
.   ,        further  they  extend  to  the  north  is  not  yet 

Probable    equivalents    .  ,    ■;  .    .       .    ..       ,    .     ,  , 
in  China.  known  ;  but  precisely  similar  beds  have  be^n 

found  by  Mr.  Coggin  Brown  in  Yunnan,  over- 
lying the  Napeng  beds  discovered  by  him  in  that  country,  and 

v.  Lorzy  lias  described  strata  of  the  same  character  and  age,  occurring 

in  Sze-chuan  and  other  parts  of  China.2 

1  Coal  Fields  in  the  Northern  Shan  States  ;  Records,  Qeol.  burr.    Intl.,  Vol.  XXIV, 
Pt.  2,  pp.  103,  105. 

2  Jteise  des  (irafcn  Bela  Szeohenyi,  Vol.  I,  pp.  4."!!),  671. 
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No  beds  belonging  to  the  Namyau  series  have  been  met  with 

in  the  hilly  country  surrounding  Loi  Ling,  but 
an  outlier  of  red  sandstones  was  noticed  to  the 

east  of  the  Namlawng,  near  the  small  village  of  Man-pung  in  South 
Hsenwi  (I  3)  ;  and  I  have  already  alluded  to  the  occurrence  of 
similar  beds  at  Kehsi  Mansam,  where  a  small  patch  has  been 

preserved  by  faulting  (see  above,  p.  259). 

In   the  Southern   Shan    States   Mr.   Middlemiss  has  described,1 

under    the   name    of  the  "  Purple  Sandstone 

errfshan  States?    S°Uth"    Zone>"  a  SerieS  °f  beds  which  1  haVe  no  hesi" tation   in  considering  to  be  the  equivalents  of 

the  Namyau  series  of  the  Northern  States — an  opinion  in  which 
Mr.  Middlemiss  concurred  after  comparing  his  specimens  with 

those  collected  by  Mr.  Datta  and  myself.  The  mode  of  occurrence 

of  these  beds  is  precisely  similar,  broad  bands  of  them  appearing  — 
"  to  have  been  let  down  by  faulting  among  the  limestone  zone,  or  to 

have  been  tucked  in  along  certain  lines  and  axes  of  reversed  folds  and  faults." 

The  only  difference  is  the  presence,  in  Mr.  Middlemiss'  area, 
of   interbedded   conglomerates,  of  considerable 

Interbedded^  conglo-    coarseness  and  thickness,  apparently  at  several different  horizons  ;  and  of  thin  seams  of  coal. 

From  the  occurrence  of  this  mineral,  Mr.  Middlemiss  was  inclined  to 

consider  that  the  series  was  of  Tertiary  age,  as  coal  measures  of 

this  age  were   previously  known  to   occur  in  the   Southern  Shan 

States,2  and  to  be  contemporaneous  with  the  very  similar  beds  of 
Kasauli  and    Murree    in  the   N.   W.  Himalaya ;    but  at  that  time 

no  fossil  evidence  was  forthcoming  to  give  a  clue  to  the  age  of  the 

series,  and  as  there  was  no  reason  to  suppose  that  they  were  very 

different  in  age  from  the  underlying  Napeng  beds,  they  were  referred 

doubtfully,  with  the  latter,  to  the  Devonian. 
The  fossils  collected  from  this  formation  have  been  obtained 

almost  entirely  from  the  bands  of  limestone 
Fossil  localises.  described  above.     In  the  course  of  my  trav- 

erse of  1899-1900,  I  came  upon  a  few  fragmentary  fossils  in  the 

red  sandstones  near  Se-Eng  (Se-in)  railway  station  (G  2),  between 

ftsipaw  and  Lashio,  but  on  revisiting  the  spot  later  on  I  found  that, 

the  railway  being  then  under  construction,  the  outcrop  had  been 

1  General  Report,  Geol.  Surv.  Ind.,  1890-1000,  p.  143. 
2  E.  J.  Jones,  Notes  on  Upper  Burma  ;  Records,  Geol,  Surv.  Ind.,  Vol.  XX,  Pt.  4, 

p.  177. 
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cut  away,  and  I  could  not  identify  the  f ossiferous  bed.  Sub- 

sequently, however,  during  the  field-season  of  1901-1902,  Mr.  Datta 
discovered  a  number  of  brachiopods,  chiefly  Terebratula  and  Rhyn- 
chonella,  in  one  of  the  limestone  bands  on  the  left  bank  of  the 

Nam-Tu  opposite  Bawgyo  (F  2),  and  a  good  collection  was  also 
made  from  a  band  of  shelly  limestone  exposed  in  a  railway  cutting 

about  two  miles  beyond  Se-In1  (Loc.  8,  G  2).  Later  on,  when 
the  limestone  bands  to  the  north  of  Hsipaw  were  searched,  a  very 

fair  collection  of  fossils  was  obtained  at  the  following  localities  : — 

Na-kyeh  (Loc.  4,  G  1) ;  Nahawk  and  Namhathai  (Locs.  5  and  6,  P  1) ; 
and  Ta-ti  (Loc.  7,  F  2).  The  brachiopods  from  these  places  have  been 

submitted  to  Mr.  S.  S.  Buckman  for  description  ;2  but  unfortunately, 
the  results  of  his  examination  of  the  collections  are  not  yet  ready 

for  publication,  and  I  am  therefore  not  in  a  position  to  give  a  com- 
plete list  of  the  fossils.  The  general  conclusion, 

kindly  communicated  to  me  by  Mr.  Buckman, 

is  that  the  Namyau  beds  are  probably  equivalent  to  the  Bathonian 

(Bradford  Clay  and  Cornbrash)  of  England,  though  it  is  quite  possible 
that  more  than  one  horizon  is  represented.  Much  more  field  work,  how- 

ever, is  necessary  before  the  relations  of  the  different  bands  to  each 

other  can  be  determined  ;  and  it  will  probably  be  found  that  they 

do  not  all  belong  to  a  single  horizon.  But  the  absence  of  lime- 
stone bands  in  the  upper  portion  of  the  series,  and  of  any  rock 

whatever  overlying  the  red  sandstones,  will  render  it  impossible, 
I  fear,  to  determine  the  upper  limits  of  the  formation. 

It  is  noteworthy  that  in  the  whole  collection  from  these  beds 

there  is  not  a  single  Ammonite  or  other  Ceph- 
Absenco  of  Cephalopoda.       ,        -       .         .  .  .  .    ,  r 

alopod,  though  at  this  period  they  were  com- 
mon enough  in  the   Central   Himalayan   area    and  in  Cutch.  One 

1  It  may  be  interesting  to  collectors  to  record  the  circumstances  of  this  latter  find, 
as  it  affords  a  hint  for  the  treatment  of  such  limestones  as  these,  where  the  fossils  are  seen 
only  on  the  weathered  surface,  and  cannot  be  extracted  without  difficulty,  if  at  all. 
I  found  a  Shan  coolie  in  the  act  of  breaking  up  a  heap  of  limestone  blocks  into  ballast, 
and  to  my  surprise,  at  nearly  every  blow  of  his  hammer  a  whole  Terebratula  or  other 
fossil  fell  out  like  a  kernel  from  a  nut  ;  and  this  after  1  had  spent  hours  in  trying  to  extract 
a  recognisable  fossil  from  the  rock  !  Examining  his  method  more  closely,  1  found  that  the 
material  on  which  he  was  working  had  been  partially  burnt  in  an  adjoining  lime-kiln, 
and  Jhat  the  expansion  of  the  rock,  duo  to  the  heat,  had  evidently  loosened  the  fossils 
from  the  matrix.  Taking  the  hint,  I  roasted  a  number  of  blocks  of  tho  limestone  in  a 
large  open  tire,  and  was  rewarded  with  a  fair  number  of  specimens,  but  it  was  evident 
that  it  required  the  concentrated  heal  of  a  kiln  to  make  the  experiment  a  complete 
success. 

2  A  few  fossils  were  also  obtained  from  these  beds  on  tho  left  bank  of  tho  Nam-Tu  at 
Tong-ang  (Loc.  '.).  F  .*{)  and  at  tho  foot  of  the  l'ongwo  scarp  near  Namhsawm  (Loc.  10, 
E  3)  about  :i  miles  south-east  of  Pangsam. x2 
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form  of  Rhynchondla  is  considered  by  Mr.  Buckman  to  resemble 
R.  asymmetrica  Kitchin,  and  a  Terebratula  to  be  comparable  with  T. 

dhosae'nsis  Kitchin,  both  from  the  Chari  (  =  Callovian)  group  in  Cutch  ; 
but  neither  he  himself  nor  Dr.  Kitchin  consider  that  there  is  iden- 

tity in  either  case.    All  that  can  be  said  at  present,  therefore,  is  that 
„  ,  the  Namyau  beds  are  certainly  in  part  of  Jurassic 

Character  of  deposits.  .  "  .      „  ,    ,  ,  x  , 
age,  and  that  they  were  probably  of  a  continen- 

tal characctr,  and  were  deposited  along  the  shores  of  a  shallow  sea 

extending  northwards  into  China.  The  presence  of  red  beds  through- 
out the  series  is  perhaps  in  favour  of  this  view.  How  far  they  may 

extend  to  the  south,  beyond  the  Southern  Shan  States,  is  not  yet 
known. 



CHAPTEE  XIII. 

TERTIARY. 

Freshwater  Beds. 

With  the  deposition  of  the  red  sandstone  series  the  long  suc- 
cession of  marine   formations  which  we  have 

^ Close  of  marine  depod-    pasged  k  reyieW)    extending  from  lower  Or- 
dovician  times  to  the  Jurassic  period,  comes 

to  an  end.  No  trace  of  the  marine  Cretaceous  or  of  the  Eocene, 

Oligocene,  and  Miocene  formations  which  are  so  well  developed 

and  widespread  in  the  plains  of  Lower  and  Upper  Burma  has 
been  found  on  the  uplands,  and  it  is  evident  that,  when  the 

Tertiary  sea  extended  over  what  is  now  the  valley  of  the  Irra- 
waddy,  the  Shan  plateau  had  already  been  raised  above  its 
waters.  But  the  upheaval  that  resulted  in  this  total  cessation 
of  deposition  was  merely  a  local  development  of  events  that 

affected  a  very  large  portion  of  the  earth's  surface  at  this 
period.  For  a  long  time  before  this,  signs  had  not  been  wanting 
that  the  ancient  Gondwana  continent  was  being  broken  up.  On 

the  west  coast  of  India  the  Jurassic  sea  had  penetrated  nearlv 
as  far  to  the  south  as  the  latitude  of  Bombay ;  and  on  the  east 

the  Bay  of  Bengal,  which  must  have  appeared  as  a  depression  in 
the  old  continent  at  an  even  earlier  date,  for  Triassic  rocks  aro 
known  to  occur  on  its  shores  in  the  Arakan  Yoma,  had  extended 

its  waters  in  the  Cretaceous  period  as  far  to  the  north  as  the 
borders  of  Assam.  The  elevation  of  the  Shan  plateau  is  then  but 

a  local  manifestation  of  the  great  orogenic  movements  that  ad- 
vanced upon  the  Peninsula  of  India  from  three  different  directions  ; 

resulting  on  the  west  in  the  upheaval  of  the  Suleiman  ranges, 
on  the  north  in  that  of  the  Himalaya,  and  on  the  east  in  that 
of  the  Assam  and  Arakan  ranges.  From  this  time  on,  therefore, 

the  history  of  the  area  we  are  dealing  with  is  one  of  degradation 
and  modification  of  the  superficial  features  ;  and  it  was  not  until 

the  present  configuration  of  hill  and  valley  had  been  blocked  out 
that  the  deposition,  at  any  rate  of  beds  that  have  endured  to  the 

present  day,  again  set  in. 
The  rocks  which  have  been  ascribed    to   the  Tertiary   period  in 

j   .  j  h  r  ,t       these  hills  consist  of  silts  and  soft  sand-rock, 
-so  slightly  consolidated  that  they  break  down 

into  a  soft  mud  when    immersed    in    water, — pebble  and  boulder 
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beds,  and  seams  of  brown,  lignitic  coal,  which  last  are  in  general 
the  most  substantial  rocks  seen  in  the  few  outcrops  that  occur,  and 

to  which  the  formation  owes  such  importance 
Old  Lake  basins.  .  * 

as  it  possesses.  Ihey  are  found  m  detached 

areas  occupying  the  present  river  valleys,  and  it  is  significant 
that  they  are  confined  to  the  portions  of  the  plateau  surrounding 
the  high  ground  culminating  in  the  lofty  peak  of  Loi  Ling,  the 
highest  point  in  the  States.  These  detached  basins,  in  fact,  seem 

to  have  formed  an  assemblage,  of  lakes  similar  to  that  of  the 

English  Lake  District,  and  were  either  silted  up  entirely,  or  were 
perhaps  drained  by  the  deepening  and  cutting  back  of  the  channels 
in  the  limestone  through  which  the  rivers  in  every  case  now  find 
their  exit. 

The  economic  importance  of  this  formation,  due  to  the  presence 
_..    .,  of  the  coal  seams,  has  led  to  the  devotion  of 
Distribution.  .  r  .  . 

a  considerable  amount  of  attention  to  it,  and 

full  accounts  of  each   basin,  the  mode   of   occurrence  of   the  beds 

and  the  economic  value  of  the  fuel  they  contain,  have  appeared 

in  the  Records  of  the  Geological  Survey.1    The  areas  in  which  they 
have  hitherto  been  found  are  six  in  number  : — 

(i)  In   the   upper  part   of  the    Namyau  valley,    beyond  the 
limits  of  the  map,  there  is    a    small   patch    of  these 

r  x  rocks,  surrounding  the  village  of  Mongyaw  (Lat.  23°  2', 
Long.  98°  9'),  but  little  is  known  about  them.  I  search- 

ed for  coal  in  them  in  1900,  but  without  success,  nor 

did  the  inhabitants  seem  to  be  aware  of  any  outcrops. 

In  any  case  they  cover  a  very  small  area.  This  patch 

is  separated  from  the  Lashio  coal-field  by  a  broad  band 
of  the  Namyau  sandstones,  which  crosses  the  valley 

from  south-west  to  north-east  between  Mongyaw  and 
Mongyang,  and  through  which  the  river  flows  in  a  deep  gorge. 

The  Lashio  coal-field.  This  basin  extends  along  the 
Namyau  valley  from  Mongyang  westwards  to  Hsunkwe, 
a  few  miles  north  of  Lashio,  and  is  about  15  miles  in  length, 

with  an  average  breadth  of  4  miles.  The  river  runs  along 
the  southern  boundary  of   the   field,   which   is   all  that 

1  P.  Noetlin<:,  Coal-Fields  in  the  Northern  Shan  States;  Records,  Oed.Surv.Ind., 
Vol,  XXIV,  l't.  2,  p.  !)<)  :  T.  D.  La  Touche  and  R.  R.  Simpson,  The  Lashio  Coal-Field  ; 
Ibid,  Vol.  XXXIII,  Ft  2,  p.  117:  R.  R.  Simpson,  The  Namma,  Man-sang,  and  Man- 
sole  Coal-Fields  ;  Ibid,  p.  125  :  P.  N.  Datta,  MS.  Report,  1903-04. 
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appears  on  the  map  attached  to  this  Memoir,  and  leaves 
it  just  below  Hsunkwe  by  a  narrow,  though  not  deep  gorge 
in  the  Plateau  Limestone.  The  floor  of  the  valley  consists 

partly  of  the  limestone  and  partly  of  the  Namyau  sand- 
stones, and  not  only  do  the  silts  cross  the  boundary  between 

the  two  formations  without  interruption,  but  they  also 

traverse  in  the  same  way  a  strong  fault,  which  crosses 
the  river  close  to  the  ford  north  of  Lashio,  and  is 

marked  by  a  line  of  hot  springs.  The  beds  consist 

of  sandy  silts  and  soft  sand-rock  with  very  subordinate 
,  pebble  bands  and  an  occasional  layer 

Lithnlngical  characters.         ,  .      -       .  .  .  " oi  harder  ferruginous  sandstone  ;  but- 
even  these  are  only  indurated  near  the  surface,  where 
the  iron  oxide  in  them  is  concentrated.  They  form 

low  rolling  hills  covered  with  grass  and  very  scattered  tree 

jungle,  traversed  by  numerous  sluggish  watercourses. 
Outcrops  are  only  to  be  seen  along  the  course  of  the 
river,   the   northern   boundary   being   entirely  concealed 

by  rainwash  from  the  surrounding 
Position        of      coal  The  ^   ̂       f   ̂   strata Sett  III  a .  o  i 

exposed  along  the  river  is  to  the 
north,  and  since  the  coal  seams  are  confined  to  the  lower 

portion  of  the  formation,  they  are  only  to  be  seen 
in  the  river  bed  or  close  .o  it  in  a  few  of  the  deeper 
ravines. 

(iii)  The  Namma  field.  This  is  perhaps  the  most  important 

of  the  Tertiary  basins,  as  it  contains  the  most  promis- 
ing coal  seams,  though  the  inferiority  of  the  coal,  and 

the  distance  of  the  fieJd  from  the  railway,  make  it 
unlikely  that  it  will  ever  be  worth  while  to  exploit  the 
mineral.  The  field  extends  along  the  north  bank  of  the 

Nampawng,  from  its  junction  with  the  Namma  near  the  large 
village  of  the  same  name  (H  2),  for  a  distance  of  about 
15  miles,  with  an  average  width  of  3]  miles.  This 
area  differs  from  that  of  Lashio  in  being  covered  for 
the   most  part  with   dense  forest,   which    rendered  the 

task    of    prospecting    very  difficult. 
Lit holoj-ical      charac-    mi       i    i        i  i  :•  v 

tera        °  Lne    beds    also    exhioit-    a  greater 
variety    than    in    the    Lashio  field, 

the  grey  sandy  silts  being  subordinate,  while  there  is  a 
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greater  preponderance  of  clays,  generally  of  a  yellow  colour ; 

but   some,    in  the   neighbourhood  of  Man-Se  (Loc.  2,  H 
1),  are  pure  white,  resembling  kaolin,  and  may  perhaps 

prove  to  be  of  economic  value  as Conglomerates.  ,  ,  -r»   i       r  i 
pottery  clays.    Beds  of  conglomerate 

are  also  more  numerous,  made  up  of  pebbles  and  boulders 

of  quartz  and  crystalline  rocks  derived  from   the  hills 
_  .  .  ,    to    the     east.    As    in    the  Lashio Position       of      coal     _  .  ..     .  .  . 
seams,  field  the  coal  seams  appear  to  be 

confined  to  the  lower  portion  of 
the  group,  but  there  is  much  more  variety  in  the  dips, 
and  the  outcrop  of  the  seams  is  not  confined  to  the 
bed  of  the  rivers.  The  general  dip  is  low,  about  20 
degrees  on  an  average,  and  is  directed  towards  the 
north-west  at  the  western  end  of  the  field  and  to  the 

north-east  at  the  opposite  end  (Plate  16)  ;  but  there  are 
considerable  local  variations,  due  perhaps  to  the  underground 
denudation  of  the  limestone  floor.  The  northern  boundary 

is  obscure,  and  may  be  partly  faulted,  but  the  appear- 
ance of  faulting  may  be  due  to  the  same  cause  as  the 

unevenness  of  the  dips.  The  southern  boundary  is  a 
natural  one. 

(iv)  Below  the    Namma  field  the  river  races  through  a  deep 

narrow  gorge  in  the  limestone  to  its  junction  with  the 

Namyau  at  Se-In,  but  about  three  'miles  below  the 
main  area  it  passes  through  a  small  oval  basin  of  the 
Tertiary  rocks  extending  for  about  5  miles  along  its 
banks  and  about  half  a  mile  broad.  No  outcrops  of 

coal  were  found  in  this  outlier,  and  the  rocks  exposed 
have  not  been  described.  It  may  have  been  connected 
at  one  time  with  the  Namma  field,  but  it  is  quite  as 
likely  to  have  been  an  independent  basin  of  deposition. 

(v)  The   Man-sang    field.     This  basin  is  situated  in  the  State 
of  South  Hsenwi,  about  7  miles  to  the  west  of  Mong 
Yai,  the  capital  of  the  State,  and  about  16  miles  to 

the  south-east  of  the  Namma  field  (H  3).  It  covers 
an  area  of  about  13  square  miles,  but  the  southern  and 

south-eastern  boundaries  are  very  ill Lithological  characters.        .  _      .     ,    .  <    i  i 
defined,   being  concealed    by  recent 

clays.     The  rocks  are  similar  to  those    of    the  Lashio 
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field,  consisting  of  sandy  silts,  white,  yellow  or  grey  in 
colour,  and  the  dips  are  usually  at  low  angles,  except 
along  the  northern  boundary,  where  they  amount  to 

from  30  to  50  degrees,  and  point  to  some  local  dis- 
turbance at  the  edge  of  the  basin.  Numerous  seams  of 

coal  occur,  but  most  of  them  are  thin  and  of  no  econo- 
mic value. 

The  chief  interest  of  this  old    lake    basin    lies  in  the   fact  that 
its  shores  witnessed  the  first  manifestation  of 

Volcanic  outburst.  .  .  .         .  .        .  . 
volcanic  activity  that  can  be  shown  to  have 

taken  place  anywhere  in  the  Shan  States,  since  the  Cambrian  epoch 
at  least ;  for  throughout  the  whole  sequence  of  fossiliferous  rock 
that  has  been  described  in  the  foregoing  pages  no  trace  of  such 
activity  has  hitherto  been  detected.  Till  now  the  orogenic  movements 
which  caused  breaks  in  the  secmence,  even  those  which  occurred  during 
the  Triassic  period,  appear  to  have  been  so  superficial  or  local  in 

character  that  they  did  not  affect  the  deep-seated  sources  of  igneous 
action ;  but  the  later  movements  that  resulted  in  the  extraordinary 

series  of  faults  by  which  the  whole  of  the  plateau  is  intersected  seem,  in 
this  one  spot,  to  have  opened  a  way  to  the  dormant  energies 

lying  below.  In  the  Irrawaddy  valley  and  in  south-western  Yun- 
nan the  exhibition  of  these  forces  resulted  in  the  outpouring  of  the 

lava  and  ash  beds  that  built  up  the  great  volcanoes  of  Popa  and 
Hawshuenshan  respectively,  but  in  the  Northern  Shan  States  the 
display  of  volcanic  activity  wa;  of  a  verv  feeble  character. 

While  engaged  on  the  survey  of   the  Man-sang  field  in  1905, 
„    ,  .   ,  ,  Mr.  Simpson    noticed    the    occurrence,  along 
Basaltic  dykes.  .  f  .  ,  ,  ,    ,        ,  • 

its  northern  edge,  of  a  number  ot  basaltic 

or  doleritic  dykes,  some  of  which  possessed  a  distinctly  amyg- 
daloid structure  (op.  c  /.,  p.  145).  I  had  also  met  with  the  same  rocks 

during  a  rapid  traverse  made  across  the  north-west  edge  of  the 
field  earlier  in  the  same  year,  but  had  b  en  unable  to  determine 

whether  the  rock  was  intrusive  or  not  in  the  silts,  or  to  find  any 

centre  of  eruption.  Later  on,  however,  while  surveying  the  coun- 
try about  Mong-Yai,  I  was  struck  with  the 

Focus  of  eruption.  °  ..  . 
appearance  oi  a  conical   lull   named  Loi    I lan 

Hun,  rising  to  about  700  feet  above  the  plain,  some  (i  miles  to 

the  north-west  of  the  capital,  and  on  examining  it  found  that, 
while  the  lower  part  was  composed  of  the  Tertiary  silts,  the  upper 

part   was   a   dome-shaped    mass    of    columnar  basalt,  with  dykes 
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of  the  same  material  radiating  in  all  directions  from  it,  but  most 

highly  developed  towards  the  west  and  north-west,  where  there 
may  be  another  focus  of  eruption.  This  hill  appears  in  the  centre 
of  the  view  of  Loi  Ling  (Plate  1).  It  is  from  these  dykes  that 

the  boulders  of  dolerite,  mentioned  by  Mr.  Simpson,  which  choke 
every  stream  bed  in  the  neighbourhood,  have  been  derived.  No 

amygdaloid  rocks  were  seen  on  Loi  Han  Hun  itself,  but  their 
occurrence  in  the  vicinity  seems  to  show  that  some  lava  actually 

flowed  from  it.  Otherwise  the  energy  of  the  volcano  appears  to 

have  been  just  sufficient  to  extrude  the  dome  of  basalt  now  form- 
ing the  upper  part  of  the  hill  and  to  fill  the  fissures  surrounding 

it,  no  traces  of  a  true  cone  built  up  of  ashes  or  tuffs  being  visible. 

The  rock  of  which  the  dome  is  composed  is  a  dense  basalt, 
almost  black  in  colour  with  a  greenish  tinge, 

Petrographical  char-  consisting  of  an  aggregate  of  minute  lath- act  ers.  b  tot>  & 
shaped  crystals  of  plagioclase  felspar  and 

minute  granules  of  augite,  in  which  large  crystals  of  plagioclase 
with  zonal  inclusions  of  the  ground  mass,  much  magnetite, 

and  granular  crystals  of  olivine  are  disseminated.1  (Plate  7, 
fig.  2.) 

(vi)  Man-se-le  field.  The  last  of  the  Tertiary  basing  to  be 
described  covers  a  very  wide  area,  but  only  a  small 

portion  of  it,  the  Man-se-le  coal-field  of  Mr.  Simpson 
(op.  fit.,  p.  152),  is  known  to  contain  coal  seams.  This 
area  is  situated  on  the  east  side  of  Loi  Ling,  covering 

the  greater  part  of  the  valley  extending  southwards 
from  the  base  of  the  hill  to  the  Nam-Pat,  an  area  of 
about  36  square  miles  (J  2).  Beds  of  coarse  sandstone 

are  more  common  than  in  the  Lashio  field,  but  other- 
wise the  rocks  are  similar.  Several  seams  of  coal  were 

met  with,  but  none  of  them  appear  to  be  of  economic 
„., .     ,  value,  at  any  rate  for  many  years White-clay.  ^      ,  ,         ,  , to  come  On  the  southern  bound- 

ary of  the  field,  near  Mankiin,  is  an  interesting  exposure 

of  white  kaolin-like  clay,  similar  to  that  at  Man-Se  in 
the  Namma  field.  At  this  place  the  clay  appears  to 
have  filled  a  fissuie  in  the  limestone  floor  of  the  basin 

1  La  louche,  A  Volcanic  <  hit  burst  <>t  laic  Tertiary  a^e,  etc.;  Rerotds,  Geol.  Surr.  hid., 
Vol.  XXXVI,  Pt.  1,  p,  40. 
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Fossils — Lashio  coal 
field. 

From  a  sketch  hy  the  author. 

Fig.  9.    'Dyke'  of  white  Tertiary  clay  in  Plateau  Limestone,  near  Man-kiin. 

for  it  now  resembles  a  dyke  with  vertical  walls  on  either 

side,  projecting  from  the  hill  slope,  the  limestone  which 
originally  enclosed  it  having  disappeared  by  solution 

(Fig.  9). 

The  palseontological  evidence  available  for  determining  the 

period  to  which  these  beds  belong  is  some  - 
what  meagre  and  unsatisfactory,  but  such 
as  it  is,  it  indicates  an  extremely  late  Tertiary, 

or  perhaps  even  Pleistocene  age.  The  fossils  that  do  occur  are  all 

shells  of  gastropods  of  fresh-water  types,  and  the  leaves  of  plants. 
In  the  Lashio  basin  they  have  as  yet  been  found  only  at  one  spot, 
in  a  seam  of  coal  and  the  clays  associated  with  it,  exposed  on  the 
right  bank  of  the  Namyau  immediately  above  a  sharp  bend  in  the 

river  opposite  the  village  of  Hko-hkam  (Loc.  1,  H  1).  This  loca- 

lity is  mentioned  by  Dr.  Noetling  {R'ords,  G.  <s'.  /.,  Vol.  XXIV, 
Pt.  2,  pp.  106,  114),  who  says  : — 

"  The  only  species  I  could  distinguish  belonged  apparently  to  tin-  genus 
Planorbis.  There  were  also  fragment  of  another  big  gjwtropod,  which  could 
not  be  determined." 
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This  latter  shell  has  since  been  examined  by  Mr.  G.  H.  Tipper, 
of  the  Geological  Survey,  who  says  that  it  also  is  a  Planorbis,  and 
that  it  seems  closely  to  resemble  an  upper  Miocene  form.  The 

appearance  of  these  shells  is  extremely  recent,  the  original  shell- 
substance  being  perfectly  intact,  though  most  of  them  are  smashed 
to  atoms,  while  in  some  cases  even  the  colours  are  preserved. 

In  the  Namma  field  Mr.  Simpson  found  large  numbers  of  gas- 
tropods in  some  of  the  clay  bands  associated 

^Fossils— Namma  coa  -    w^  t^e  CQaj  seamSj  especially  in  some  of  the 
ravines  among  the  low  hills  on  the  west  of 

Xamma  village  (Loc.  3,  H  2).  Some  of  the  shells  are  in  a  better 
state  of  preservation  than  those  mentioned  above,  but  still  not 

sufficiently  so  to  enable  the  species  to  be  identified.  Among  them 
my  colleague  Mr.  Tipper,  to  whom  I  am  indebted  for  the  following 

notes,  has  made  out  three  genera  : — 

"Melanopsis  sp.  The  shell  referred  to  this  genus  is  generally  quite  well 
preserved.  In  general  shape  and  ornamentation  it  resembles  M.  Lorentkeyi, 
figured  by  Andrussow  ( Beitr.  zur  kenntniss  des  Kaspichen  Neogen ;  Mem. 
Com.  Geol.  St.  Petersb.,  N.  S.,  Livr.  40,  figs.  16-20)  from  beds  of  Pontian 
age.  It  differs  from  this  in  the  extraordinary  thickening  of  the  inner  lip  of 
the  aperture,  this  thickening  forming  a  callous  growth  over  half  of  the  last 

whorl." "Vivipara  sp.,  characterised  by  three  distinct  smooth,  rounded  keels.  On 
the  last  whorl  a  fourth  keel,  much  less  prominent,  can  be  distinguished. 
This  species  differs  from  the  present  day  keeled  Vivipara  quite  distinctly  and 
seems  to  resemble  very  closely  V.  Pauli  Brusina,  from  the  Paludinen-Schichten 

of  Europe." 
"  Hijdrobia  sp.    A  small  shell  may  be  referred  to  this  genus." 
"  Other  genera  are  represented,  but  have  not  been  identified  chiefly  on 

account  of  the  difficulty   of  clearing  them  from  the  matrix." 

In  this  basin  the  white  kaolin -like  clays  exposed  in  a  low  hill 
about  half  a  mile  north  of  Man-Se  (Loc.  2,  H  1)  contain,  besides 
small  gastropod  shells,  numerous  impressions  of  dictyledonous 
leaves  and  of  grasses  ;  but  none  of  these  have  yet  been  determined. 
Leaf  impressions  are  also  found  in  the  outcrop  of  a  similar  clay 

mentioned  on  page  314  as  occurring  at  Mankiin  (I  2)  in  the  Man-se-le 
basin. 

Until  the  species  of  some  of  the  shells  found  in  these  beds  is 
determined  their  exact  horizon  must  remain 

doubtful,  for  all  the  genera    mentioned  range 
from  the  Miocene    or  even  older  periods,  to  Recent.     The  amount 
of  disturbance  that  the  beds  have  undergone,  which  cannot  all  be 
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attributed  to  underground  denudation  of  the  rocks  on  which  they 

lie  (since  in  the  Lashio  coal-field  the  silts  resting  on  the  limestone 
and  on  the  Namyau  sandstones  are  equally  inclined),  shows  that 

the  period  of  deposition  was  anterior  to  the  cessation  of  orogenic 
activity  in  this  region,  and  that  the  basins  in  which  the  silts  were 

accumulated  may  have  resulted  from  a  '  warping '  of  the  surface, 
already  carved  into  its  present  outlines.  The  volcanic  outburst 
in  the  Mansang  basin,  which  undoubtedly  took  place  after  some 
of  the  silts  had  been  deposited,  is  also  an  indication  that  these 

movements  had  not  ceased  at  this  period,  and  if  this  eruption  was 
contemporaneous  with  that  of  Hawshuenshan  near  Tengyueh  in 
Yunnan,  it  may  very  well  be  of  Pleistocene  age.  For  v.  Loczy 

has  shown1  that  Hawshuenshan  was  active  at  the  time  when  the 
alluvium  of  the  Tengyueh  basin,  which  he  thinks  was  then  occupied 
by  a  lake,  was  being  deposited.  For  my  own  part,  I  am  inclined 

to  think  that  these  lignite-bearing  silts  of  the  Shan  States  should 
be  correlated  approximately  with  the  Pleistocene  gravels  of  the 

Narbada,  Tapti,  and  Godavari  rivers  in  the  Indian  peninsula  which, 
as  Mr.  Vredenburg  has  shown,  were  accumulated  in  basins  due  to 

'  warping '  of  the  surface  in  Pleistocene  times.2 
I  am  informed  by  my  colleague  Mr.  Coggin  Brown  that  in 

Yunnan  strata  of  precisely  the  same  character  as  those  now  under 

description  are  of  common  occurrence  in  the  valleys,  and  that  they 
also  contain  lignite.  The  towns  of  that  country  are  frequently  built 
upon  them,  and  they  have  all  the  appearance  of  sediments  filling  old 
hike  basins.  He  also  informs  me  that  he  has  found  in  them  a  species 

of  Bijthinia  identical  with  one  which  is  still  living  in  the  Erh-hai  lake 
at  Ta-li-fu.  In  the  Southern  Shan  States  also  Mr.  E.  J.  Jones  has 

described.  Ric;>rds  G.  S.  I.,  Vol.  XX,  Pt.  4,  p.  1907)  a  bed  of  lignite, 
near  the  shores  of  the  Nyaungwe  lake,  which  he  considers  to  be 

imbedded  in  an  old  lake-deposit  similar  to  that  which  is  now  being 
accumulated  not  far  off  in  the  present  lake. 

It  is  to  be  hoped  that  further  collections  will  be  made  from  these 
interesting  beds,  and  that  some   more  definite 

me?snditi°n   <lf    SPeCi"    Pronouncement  as  to  their  age  may  be  possible in  the  future;  but  the  rocks  and  the  fossils  con- 

tained in  them  are  so  friable  that  it  is  difficult  to  preserve  them. 
The  ground  is  everywhere  saturated  with  water,  and  so  soon  as  the 

1  Rsiso  dos  (imfon  Belli  S/cchcnvi  in  Oslasicn,  Vol.  1,  p.  772. 
*  Pleist.nceno  niovumonta  in  India  :  Records,  Uevl.  Sur.  hid..  Vol.  XXXIII,  Ft.  1,  p.  13. 



318     LATOUCHE:  GEOLOGY  OF  NORTHERN  SHAN  STATES. 

clays  are  exposed  to  the  air  and  become  dry  they  crumble  into 

dust,  while  the  lignite  splits  into  cubical  fragments  like  a  piece  of 
rotten  wood.  A  collector,  therefore,  should  be  equipped  with  some 

means  of  hardening  the  specimens  on  the  spot,  either  by  soaking 

them  in  varnish  or  otherwise.1 

1  Mr.  Tipper  tells  me  that  he  has  found  the  following  method  of  hardening  these 
fossils  very  successful.  The  specimen,  cleaned  as  far  as  possible  from  adhering 
matrix,  is  first  soaked  in  a  solution  of  silicate  of  soda,  -  water  glass,'  and  then  in 
one  of  chloride  of  calcium  ;  it  is  then  thoroughly  dried,  and  painted  over  either 
wjth  Canada  balsam  or  with  hard  white  copal  varnish. 



CHAPTER  XIV. 

SUB-RECENT  AND  RECENT  DEPOSITS. 

(i)  Sub-recent  :  Old  River  terraces. 

The  remains  of   deposits  that  can  truly  be  described    as  sub- 
recent,  that  is  to  say,  accumulated  under  con- Mode  of  occurrence.  .  ...  _  .         .  , 
ditions  similar  to  those  now  in  existence,  but 

actually  undergoing  denudation,  are  not  of  great  extent  in  the 
Shan  hills.  The  few  ancient  river  terraces  that  occur  are  only  to 
be  met  with  in  the  valleys  of  those  rivers  that  traverse  the  rocks 
older  than  the  Plateau  Limestone,  in  the  northern  portion  of  the 

States,  for  the  limestone  is  so  readily  soluble  that  it  is  quite  an 
uncommon  occurrence  to  find  even  a  talus  of  fragments  of  this 

rock  at  the  foot  of  a  scarp ;  and  pebble  beaches  in  the  streams 

that  flow  over  it  are  practically  non-existent. 
Of  the  old  river  terraces  that  do  exist  the  most  important  are 

the  ruby  gravels  of  the  Mogok  valley  and  the 
Mogok  valley.  „        ,  ,. 

surrounding  district ;  the  tourmaline  gravels 

in  the  Mong  Long  sub-State ;  and  the  terraces  in  the  valley  of  the 
Nam-Tu.  All  these  deposits  have  been  already  described  in  vari- 

ous papers.  The  alluvial  gravels  of  Mogok  have  been  dealt  with 
by  Prof.  Judd  and  Mr.  Barrington  Brown  in  their  work  on  the 

Rubies  of  Burma.1  Two  stages  of  alluvium  are  mentioned,  the 
one  a  recent  deposit  forming  the  floor  of  the  valley,  and  the  other 
an  old  river  gravel  deposited  at  a  higher  elevation  with  its  base 

on  a  level  with,  or  slightly  above,  the  surface  of  the  present 
„ , ,  ,   ,    .  alluvium.     There   is    some  reason  to  suppose 
Old  lake  basin.  _  _       _     .       .  .  ** 

that  a  good  deal  of  the  alluvial  flats, 

which  are  now  being  excavated  and  washed  for  rubies,  belong 
to  a  condition  of  things  that  has  now  passed  away,  and  must  there- 

fore be  considered  as  sub-recent ;  for  during  the  process  of  washing 
the  gravel  for  gems  considerable  numbers  of  stone  implements  and 

of  bronze  fish-hooks,  the  latter  probably  of  Chinese  manufacture, 
are  obtained  in  places  well  removed  from  the  actual  river  coi  rse, 
and  in  the  lower  part  of  the  deposit  which  contains  the  rubies. 

1  Phil.  Trans.  Roy.  "oc,  London,  Vol.  187A,  p.  164, 
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This  seems  to  show  that  at  one  time  the  floor  of  the  valley  was 
occupied  by  a  lake,  since  the  present  insignificant  stream  carries  no 
fish  that  could  be  caught  with  hooks  of  the  size  found,  and  the 

manner  in  which  these  and  the  stone  implements  occur  suggests 
their  having  been  dropped  from  boats,  which  there  is  now  not 

water  enough  to  float.  The  narrow  and  precipitous  gorge  through 
which  the  stream  now  escapes  from  the  valley  also  suggests  that 
at  one  time  a  lake  lay  above  the  exit  ;  and  it  is  probable  that  the 

rock}'  floor  underlying  the  ruby  gravels  lies  below  the  lip  of  the 
falls,  and  therefore  forms  a  true  rock-basin. 

Another  old  terrace  deposit  in  the  same  neighbourhood  has  been 

Rub    ravel  Namhsu    described  by  Dr.  Noetling.1    This  
is  situated 

hka."  Jgrave"    amisu    jn         valley  of  the  Nam-pai,  about  15  miles 
to  the  west  of  Mong  Long  (Mainglon)  and 

at  the  junction  of  a  small  stream,  the  Namhsu-hka  (Namseka), 

with  the  main  river  (C  1).  The  ruby-bearing  gravel  here  seems 
to  be  the  remains  of  an  old  terrace  deposited  by  the  Mogok  river, 

which  joins  the  Nam-pai  at  this  point,  at  a  time  when  the  valley 
had  not  been  cut  down  to  its  present  level  ;  for  the  rubies  con- 

tained in  it  must  have  been  brought  down  from  the  Mogok  valley, 

the  only  direction  in  which  the  crystalline  limestone,  which  con- 
stitutes the  matrix  of  the  gems,  has  been  found. 

The  tourmaline  gravels  of  Mong  Long  were  also  described  by 

Dr.  Noetling  in  the  same  part  of  the  Records.2 

M?ngUSnIine8raVelS  °f    TheF  are   situated  higher  UP  in  the  valley  of 
the  same  river,  the  Nam-pai,  and  are  found 

along  both  sides  of  it,  extending  for  about  five  miles  eastwards 
from  a  point  about  two  miles  north  of  the  town  of  Mong  Long. 

The  boulder  and  gravel  deposits  forming  the  terraces  reach,  ac- 
cording to  Dr.  Noetling,  to  a  height  of  about  200  feet  above  the 

river,  and  consist  mainly  of  quartz  pebbles  and  boulders  ;  evi- 
dently an  old  fan-talus  derived  from  the  hills  to  the  north,  which 

are  composed  of  gneisses  with  bands  of  tourmaline  granite,  trav- 
ersed by  numerous  quartz  veins.  The  pebbles  of  blue  shale  or  schist, 

also  mentioned  by  Dr.  Noetling,  probably  come  from  the  hills  to 
the  south.  It  does  not  seem  possible  that  such  coarse  deposits 
as  these  could  have  been  accumulated  on  the  bed  of  a  lake,  as 

he  suggests,  and  the  red  clay  which  he  speaks  of  as    overlying  the 

>  The  Namseka  Ruby  Mine  ;  Records,  Oe.ol.  Surv.  Ind.,  Vol.  XXIV,  Pt.  2,  p.  1.19. 
2  The  Tourmaline  Minos  in  the  Mainglon  State;  Ibid,  p.  125. 
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gravels  has  none  of  the  appearance  of  a  lacustrine  deposit,  but  is  the 
same  that  covers  both  valley  and  hill  slope  everywhere  in  the 

neighbourhood. 
I  have  already  given  an  account  of  the  old  river  terraces  in 

the  valley   of  the   Nam-Tu  near  Hsipaw  in 
Nam-Tu  va  ley.         ̂ e  pages  0f  the  Records,1  and   have  shown 

Change  in  course  of   how  they  were  in  all  probability  responsible 

nver'  for  the  peculiar  course  now  taken  by  the  river 
above  the  town.  According  to  this  hypothesis  the  waters  of 

the  river,  issuing  from  the  deep  gorge  above  Ta-ti  ferry,  and  carry- 
ing an  immense  quantity  of  debris  derived  from  the  old  slaty  and 

schistose  rocks  on  its  left  bank,  spread  out  this  material  over  the 

broad  valley,  excavated  in  the  soft  red  Namyau  sandstones  and 

shales,  in  which  the  large  towns  of  Hsipaw  and  Bawgyo  are  situ- 
ated. At  this  time  the  narrow  valley  below  the  junction  of  the 

Namhsim  with  the  Nam-Tu  was  perhaps  not  cut  down  to  its  pre- 
sent depth  ;  and  the  boulder  deposits  accumulated  and  blocked  up 

the  bed  of  the  river,  until  it  rose  to  a  sufficient  height  at  the  point 

where  it  debouched  from  the  gorge  at  Ta-ti  to  find  a  way  across 

the  spur  to  the  south-east,  and  so  into  the  Namma,  12  miles  above 
Hsipaw.  The  remains  of  old  terraces  are  also  to  be  seen  below 
the  mouth  of  the  Namhsim,  especially  at  Htengnoi  (F  3),  where 

they  reach  an  elevation  of  more  than  100  feet  above  the  present 
river  level. 

There  is  no  direct  evidence  indicating  the  period  at  which  the 

,  }  terraces  were  formed,  except  that,  as  they  are 

terraces  were  formed.  now  undergoing  denudation,  they  were  depos- 
ited  under  conditions  that  no  longer  exist.  I 

have  suggested,  in  a  lecture  delivered  before  the  Asiatic  Society 

of  Bengal,2  that  in  the  Himalaya  similar  terraces  may  be  attributed 
to  the  latter  part  of  the  Glacial  period,  when  a  more  rigorous 
climate  deprived  the  hills  of  their  covering  of  vegetation,  and  thus 
enhanced  the  action  of  atmospheric  denudation  to  such  an  extent 

that  the  valleys  were  choked  with  the  debris 
No  evidence  of  glacial    carried    into    them     And    ,l]tl       h    t]  . action.  ° 

no  direct  evidence  of  the  prevalence  of  glacial 

conditions  among  the  hills  of  the  Shan  States,  )'et  the  high  ground 
to  the  north  of  the  plateau,  reaching  to  altitudes  of  over  7,0(0 

1  Recent  Changes  in  the  Course  of  the  Nam-Tu  River,  Ihid,  Vol.  XXXIIT,  Pt  1,  p.  40. 
2  Relics  of  the  Great  Ice  Ago  in  the  Plains  of  India  ;  Geol.  M<tg.  Dec.  V,  Vol.  VII,  p.  198. 
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feet,  and  about  Loi  ling  (8,771  feet),  must  have  been  affected  in 

the  same  manner,  though  in  a  minor  degree,  by  the  refrigeration  of 
the  climate,  with  a  similar  result. 

(2)  Recent  deposits. 

There  are  four  categories  of  recent  deposits  that  deserve  men- 

.fi  ̂  t_  tion,  (a)  the  red  clays  of  the  limestone  area, 
(6)  travertine  or  calcareous  tufa,  (c)  iiver  allu- 

vium, and  (d)  the  peaty  deposits  of  the  uplands. 

(a)  Surface  Clays. 

One  of  the  most  striking  features  of  the  plateau  country 

is  the  universal  mantle  of  red  clay  which  is  spread  over  the  limestone. 
When  one  ascends  even  the  smallest  elevation  above  the  cultivated 

straths  that  border  the  streams,  red  is  the  prevailing  colour  that  meets 

the  eye,  wherever  the  soil  is  exposed,  and  it  certainly  adds  much  to 
the  picturesque  character  of  the  scenery.  The  colour  is  a  bright 

Indian  red,  sometimes  with  a   slightly  orange 
Lithological  characters.  n  _         1,1  •  i-i, 

tint  when  dry,  but  becoming  much  darker 

when  wet.  On  the  open  plateau  the  clay  contains  little  or  no 

sandy  matter,  and  is  of  a  stiff,  tenacious  nature,  very  slippery 

when  wet  with  rain.1  It  is  usually  filled  with  pisolitic  nodules  of 
iron  oxide,  ranging  from  the  size  of  a  pea  to  that  of  a  hazel  nut, 
resembling  the  nodules  of  which  some  varieties  of  laterite  are  built 

up.  In  fact  it  is  not  improbable  that  the  red  clay  owes  its 
growth  to  a  process  similar  to  that  to  which  the  origin  of  laterite 

is  generally  attributed,  the  decomposition  of  the  underlying  rock ; 
but  in  this  case  the  resulting  product  is  less  consolidated,  owing 

perhaps  to  the  absence  of  siliceous  matter  from  the  limestone.  It 

corresponds   rather  to   the   '  Terra  Rossa '  of *  Tcrrti  Rossft*  •  ■ 
south-east  Europe,2  where  it   is   largely  devel- 

oped in  the  limestone  tracts  (Karstgebicte)  of  Istria  and  Dalmatia  : 

1  The  stiffness  of  this  clay  has  a  peculiar  effect  upon  the  Shan  roads,  which  I  do  not 
remember  to  have  noticed  elsewhere.  During  the  rainy  season  the  feet  of  the  bullocks, 
which  are  commonly  used  as  pack  animals,  poach  the  clay  into  a  series  of  parallel  trenches 
running  transversely  across  the  roads,  leaving  solid  bars  between  them  which  remain 
throughout  the  dry  season  and  form  a  most  uncomfortable  road  to  travel  over.  It 
resembles  nothing  so  much  as  an  abandoned  railway,  from  which  the  sleepers  have  been 
recently  removed. 

2  Walther  von  Knebel,  Eohlenkunde  mit  Beriickeichtigung  der  Karstphanomene 
Di*  Wissenschaft,  Heft  15,  p.  29. 
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where,  however,  it  is  usually  confined  to  hollows  in  the  surface 
and  to  caverns. 

The  thickness  of  the  red  clay  sometimes  assumes  large  propor- 
tions, as  may  be  seen  in  many  of  the  cuttings Thickness  • 

along  the  railway,  where  it  is  seen  to  rest  upon 

a   deeply   eroded   surface   of   the   limestone,   often   filling  '  pipes  ' 
in  the  latter.     Many  of  these  cuttings  show  that  the  clay  may  be 
20,  30,  or  even  more  feet  in  depth.     If  the  whole  of  this  were  to 

.  .  represent    the    residue    remaining    from  the 
solution  of  the  limestone,  it  would  mean  the 

removal  of  an  enormous  mass  of  rock,  for  the  proportion  of  insol- 
uble matter  contained  in  the  limestone  is  very  minute ;  but  though 

much  of  it  must  be  attributed  to  this  origin,  its  growth  must  have 

been  largely  supplemented  by  the  denudation  of  the  bands  of  clay 
that  are  interstratified  with  the  limestone. 

An  account  of  the  red  clay,  and  of  some  of  the  phenomena  con- 
nected with  it,  was  communicated  to  the  Asia- 

Cen.  Collett  s  t  eory.     ̂   gocje^.y  0£  gengal  Dy  Brig.-Gen.  EL.  Collett 
in  1888,1  and  should  be  mentioned  here.  Gen.  Collett  thinks  that 
the  red  clay  once  covered  the  whole  of  the  plateau  to  a  depth 
of  several  hundred  feet ;  that  it  may  have  been  of  marine  or 
lacustrine  origin ;  and  that  the  funnel  shaped  hollows,  to  which 

I  have  already  alluded  (pp.  23,  194),  are  due  to  the  washing  down 
of  the  clay  through  subterranean  channels  in  the  limestone  beneath. 
But  if  the  sides  of  the  hollows  are  examined,  it  will  be  found  that 

they  are  really  composed  of  solid  limestone,  though  the  rock  is 
often  masked  by  a  thick  covering  of  the  clay.  Moreover,  the  aver- 

age thickness  of  the  clay  is  no  greater  in  the  valleys  than  it  is 
upon  the  crests  of  the  highest  ridges,  as  it  should  be  on  Gen. 

Collett's  hypothesis.  And  in  addition  to  this,  there  is  no  evidence 
whatever  that  within  recent  times  the  whole  of  the  plateau  has 
been  covered  by  the  waters  of  an  ocean  or  large  lake,  in  which  the 

clay  might  have  been  deposited. 
The  red  clay  forms  a  somewhat  sterile  soil,  so  far  as  the  pro- 

f  duction  of  cereals  is  concerned,  and  is  parti- 
cularly unfavourable  to  the  growth  of  wheat, 

all  experiments  in  this  direction  having  met  with  failure.  It  is 
largely  cultivated,   however,  under  the  Shan  system  known  as  Hai 

1  Some  features  in  the  Geological  Structure  of  the  Myelat  District  of  the  Southern 
Shan  States  ;  Journ.  As.  Soc.  Bewjal,  Vol.  LVII,  Ft.  2,  p.  384. 

Y  2 
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(Burm.  Taung  ya),  which  corresponds  to  the  'jhuming'  of  the 
hill  tribes  of  Assam.  Under  this  system  a  certain  area  is  cleared 

of  jungle,  which  is  burnt  on  the  spot  when  dry,  and  crops, 
chiefly  rice  and  millet,  are  grown  for  three,  or  perhaps  four  years 
in  succession,  when  the  land  becomes  exhausted,  mainly  by  the 
washing  away  of  its  fertile  constituents  during  the  rains.  After 
the  lapse  of  several  years,  when  the  ground  is  again  covered  with 

scrub  jungle,  the  process  is  repeated  ;  and  it  does  not  appear  to 
have  such  evil  results  on  the  erosion  of  the  soil  as  might  be 

supposed,  for  in  the  course  of  a  year  or  so  the  surface  is  pro- 
tected by  a  covering  of  coarse  grass.  The  sterility  of  the  soil 

may  be  in  some  measure  due  to  the  absence  of  lime.  For 

though  it  is  derived  in  great  part  from  the  decomposition  of  the 
limestone  beneath  it,  analysis  shows  that  it  contains  no  trace  of 
lime,  even  in  close  contact  with  the  rock.  And  I  think  that  it 

would  be  well  to  find  out  by  experiment  whether  the  addition  of 

lime,  which  might  be  obtained  by  burning  the  rock  which  crops 

out  in  every  field,  at  very  little  cost,  would  not  tend  to  its  amelior- 

ation.1 The  other  rocks  of  which  these  hills  are  composed  also  weather 
into  clays  of  various  colours  and  composition, 

Other    varieties     of    protected  from  erosion  in  a  similar  way  to 
surface  clay.  r  ...         -.  •  ,v     i  n such  an  extent,  that  it  is  often  dimcult  to  find 

a  single  outcrop  of  solid  rock  for  miles  together.  The  colours  and 

consistency  of  these  clays  often  give  a  useful,  though  rough,  guide  to 

the  nature  of  the  rock  beneath,  and  I  append  a  list  of  them  :— 

Formation.  Colour  of  surface  clay. 

Gneiss  and  mica  schists        .       .    Bright  red,  often  micaceous  and  sandy. 
(These  are  the  red  clays  mentioned 
by  Dr.  Noetling  in  his  account  of  the 
tourmaline  mines  of  Mong  Long  re- 

ferred to  above). 

Chaung-Magyi  Series      .       .       •    Variegated,  of  light  colours.    White,  buff, 
yellow,  or  pink. 

1  In  the  year  1907  I  submitted  a  note  to  the  Government  of  Burma,  suggesting  that 
experiments  should  be  undertaken  by  the  Agricultural  Department  of  the  Province,  with 
the  view  of  discovering  whether  the  addition  of  lime  to  the  clays  of  the  Shan  Plateau 
would  not  increase  their  fertility.  If  the  productive  capacity  of  the  soil  could  be  en- 

hanced, to  even  a  small  extent,  it  would  op->n  to  permanent  settlement  many  thousands 
of  acres  of  land  now  practically  barren,  in  a  country  possessed  of  a  salubrious  climate 
and  an  abundant  rainfall.  But,  so  far  as  I  am  aware,  no  steps  have  yet  been  taken  to 
give  effect  to  this  suggestion. 
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Naungkangyi  beds        .       .        .    Variegated.     Mainly    yellow,  sometimes 
orange  red,  reddish  brown,  or  lilac. 

Hwe  Mawng  beds         .        .        .    Lavender   or   lilac   when   dry  becoming 
purple  when  moist. 

Namhsim  (lower)  ....    Brown  and  generally  sandy. 
Namhsim  (upper)  ....     White  or  buff. 
Plateau  Limestone        .        .        .    Bright    red.     On    the  Permo-Carbonif- 

erous  rocks  blue-grey,  or  yellow. 

Namyau  beds       ....    Violet  red,  or  dark  purple. 

(b)  Calcareous  Tufa. 

The  enormous  extent  to   which   the   limestone   of   the  plateau 
is  being  removed  in  solution   by  percolating Calcareous  dams.  T         ,       ,      .  ,    ,    .  .  -    .  . 
waters  has  already  been  alluded  to,  and  it  is 

not  surprising  to  find  that,  when  the  water  comes  again  to  the 
surface  in  springs  and  rivers,  and  is  either  evaporated  or  loses  the 
carbonic  acid  which  keeps  the  carbonate  of  lime  in  solution,  the 
deposits  thrown  down  should  reach  correspondingly  huge  dimensions. 
Indeed  I  doubt  whether  any  other  limestone  tract  can  show  deposits 
of  this  kind  of  such  magnitude,  at  least  in  the  open  air.  In  the 

ordinary  '  Karst  '  region  the  evaporation  usually  takes  place  as 
the  water  trickles  into  the  caverns  and  hollows  worn  out  cf  the 

rock,  with  the  formation  of  stalactites  and  stalagmite  ;  but  in  the 
Shan  States  there  are  no  open  caverns  in  the  great  bulk  of  the 
limestone,  owing  to  its  universally  shattered  condition,  which  causes 
the  mass  to  settle  down  as  underground  solution  proceeds  ;  though 

in  the  super-jacent,  more  compact,  Permo-Carboniferous  limestones 
caverns  are  common  enough.  Thus  the  carbonate  of  lime  which 
would  ordinarily  be  deposited  on  the  walls  of  caverns  and  fissures 
is  in  this  region  brought  to  the  surface  and  thrown  down  in  the 

open.  The  brccciated  structure  of  the  rock  also  allows  water  to 

percolate  freely  through  the  mass  in  all  directions,  and  this  no 
doubt  adds  to  the  rapidity  with  which  it  is  dissolved. 

The  mode  of  deposition  of  the  carbonate  of  lime  as  travertine 
in  the  beds  of  the  rivers  is  of  some  interest. 

Mode  of  occurrence.  ,  ,  ' 
and  presents  some  problems  not  altogether 

easy  to  solve.  So  far  as  the  smaller  watercourses  are  concerned 

there  is  no  difficulty,  because  these  are  either  entire  ly  drier]  up 
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or  reduced  to  a  mere  trickle  of  water  in  the  dry  season,  and  in 
the  natural  course  of  events  the  carbonate  is  thrown  down  as  a 

precipitate  as  the  water  evaporates  ;  but  the  case  of  the  larger 
perennial  rivers  is  different.  In  these  the  deposits  take  the  form 
of  dams  or  natural  weirs,  from  a  few  inches  to  six  feet  or  more 

in  height,  extending  across  the  river  from  bank  to  bank,  and  as 

level  along  the  crest  as  if  they  had  been  bailt  by  human  hands. 
A  remarkably  fine  example  is  seen  in  the  foreground  of  the  view  of 
the  Mansang  falls  (Frontispiece).  They  are  especially  numerous  in  the 

Namma  and  Namyau,  above  their  conflux  with  the  Nam-Tu;  in  the 

upper  part  of  the  Nam-Tu  itself  ;  and  in  most  of  the  tributaries  of  these 
rivers  (Plates  17,  18,  and  19) ;  but  there  are  none  in  the  Nam-panhse 
above  the  Gokteik  gorge  or  in  the  Namhsim  ;  because  these  rivers  flow 

through  non-calcareous  rocks. 
The  dams  are  to  be  found  at  those  points  where,  in  an  ordinary 

river,  we  would,  expect  to  find  rapids  separat- Causcs  of  growth.  .  ■<      r  ,i  ,  ..    .      . ,  . 
mg  one  reach  from  another ;  and  it  is  this 

peculiarity  in  their  position  that  constitutes  the  chief  difficulty 

in  accounting  for  their  formation.  The  first  explanation  that  oc- 
curred to  me  was  that  in  such  places  the  water  is  thrown  into 

violent  agitation,  thus  affording  a  ready  means  of  escape  for  the 
carbonic  acid  holding  the  carbonate  of  lime  in  solution,  and  that 

the  latter  was  thrown  down  on  the  spot.  But  it  is  evident  that 
most  of  the  carbonic  acid  must  escape  very  soon  after  the  water 

reaches  the  open  air,  and  that  the  first  rapid  encountered  should 
insure  its  dissipation.  That  this  is  actually  the  case  is  shown  by 
the  colour  of  the  water  seen  when  at  rest  in  the  deep  pools ;  for 

it  has  a  milky,  greenish-blue  tinge,  exactly  like  that  of  a  reservoir 
which  has  been  treated  with  quick-lime  in  order  to  soften  the  water, 
caused  by  the  minute  particles  held  in  suspension.  Moreover,  the 
water  of  these  rivers  has  been  found  by  analysis  to  contain  no 

more  than  the  usual  proportion  of  solid  matter  in  solut  n.  A  sample 
from  the  Namyau  at  Se-In,  (G  2)  collected 

^  Solid  matter  in  solu-     near    the    end  of    ]yrarch)    when    he    rjver  was 
almost  at  its  lowest  point,  gave  only  22*3 

parts  of  solid  matter  per  100,000  ;  while  that  of  the  Nam-Tu  at 
Hsipaw,  where  there  are  no  calcareous  deposits,  showed  even  a 

higher  proportion,  29  parts  per  100,000,  at  the  same  season. 
Both  of  these  ratios  are  near  the  average  amounts  contained  in 
the  waters  of  ordinary  rivers,  less  indeed  than  in  the  Thames,  the 



RECENT :  CALCAREOUS  TUFA. 327 

water  of  which  contains  about  33  parts  per  100, 000  all  of 
which  indicates  that  the  proportion  of  carbonic  acid  dissolved  in 
the  water  is  no  more  than  the  normal. 

Again,  if  the  carbonate  of  lime  were  thrown  down  at  these 

places,  it  is  evident  that  the  rush  of  water  would  sweep  the  part- 
icles into  the  still  reaches,  where  we  would  expect  to  find  them 

settling  down  and  forming  beds  of  calcareous  mud,  but  it  is  not 
in  the  pools  that  the  growth  of  the  travertine  takes  place.  Some 

other  explanation  therefore  must  be  found  to  account  for  the  phen- 
omenon. 

The  dams  have  all  the  appearance  of  being  in  a  state  of  active 
growth,    after    the    manner    of   a    coral  reef, Action  of  mosses.  .  .  . 
and    the    resemblance    is    the    more  striking 

because  the  growth  is  most  rapid  along  the  lip  of  the  fall,  where 
the  water  is  most  agitated,  so  that  the  edge  frequently  overhangs 
the  pool  below  (Plate  19),  just  as  the  growth  of  a  coral  reef  proceeds 
most  rapidly  where  the  waves  beat  upon  it.  Yet  there  is  no  indication 
in  the  substance  of  the  travertine  of  any  organic  structure,  though 
leaves,  twigs,  shells,  and  the  remains  of  insects  add  materially  to 
its  bulk.  In  one  or  two  instances  I  have  found  small  portions  of 

it  built  up  of  the  tubes  of  some  calcareous-secreting  larva,  but  very 
little  is  formed  in  this  way.  I  noticed,  however,  that  wherever 
the  surface  of  the  deposit  is  in  what  may  be  called  an  active  state 
of  growth,  it  is  clothed  with  the  fibres  of  a  minute,  bright  green 
moss  ;  and  although  this  does  not  appear  to  have  the  power  of 

secreting  carbonate  of  lime,  since  the  fibres,  so  far  as  I  can  ascer- 
tain, do  not  contain  this  substance,  yet  it  may  afford  an  explana- 
tion of  the  growth  of  the  tufa.  The  modus  operandi  I  conceive 

to  be  as  follows  : — In  the  first  place,  probably  when  the  river 
is  low,  the  sand  and  pebbles  on  its  bed  become  coated  with  a 
film  of  carbonate  of  lime,  filtering  out  the  particles  from  the  water 
as  it  flows  over  them.  And  here  human  agency  may  in  some 

cases,  though  not  in  all,  come  into  play  ;  for  the  Shans  are  in 
the  habit  of  placing  fishing  weirs  on  the  rapids,  built  of  stakes 
driven  into  the  bed  of  the  river,  and  bound  together  with  wattles, 
leaving  an  opening  at  which  the  fish  collect  for  their  passage  up 
stream,  and  over  which  the  fisherman  sits  on  a  small  bamboo 

stage  or  "  machan,"  waiting  his  opportunity  to  scoop  them  out  with 

1  A.  Geikie,  Text  Book  of  Geology,  4th  Edn.,  Vol.  1..  p  488. 
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a  net  (Plate  20)  ;  and  I  have  observed  that  the  leaves  and  twigs 
which  are  caught  by  the  obstruction  are  often  bound  together  into  a 
solid  mass  by  the  tufa  deposited  upon  them,  even  when  the  weir  has 
been  built  but  a  short  time.  In  most  cases,  however,  I  am  convinced 

that  the  whole  of  the  structure  is  of  natural  growth,  for  they  are  found 
in  places  where  no  fishing  weirs  could  be  built. 

As  soon  as  a  film  of  tufa  has  been  formed,  the  moss  finds  in 

^  it  a  favourable  soil,  and  proceeds  to  cover  it 
with  a  network  of  fibres.  These  filter  out 

the  particles  of  carbonate  of  lime  from  the  flowing  water,  and  the 
growth  of  the  dam  begins.  The  growing  surface,  so  to  speak,  is 
of  a  spongy  texture,  and  has  a  mammillated  appearance  caused  by 

aggregations  of  minute  granules  of  carbonate,  of  lime  mingled  with 
vegetable  fibres.  No  doubt  the  decomposition  of  the  latter, 

as  they  become  buried  in  the  growing  tufa,  assists  by  the  formation 
of  carbonic  acid  to  bind  the  mass  together.  The  more  rapid 

growth  along  the  lip  of  the  fall  may  perhaps  be  brought  about 
because  it  is  here  that  the  mosses  are  most  exposed  to  the  light 

which  is  favourable  to  their  growth.  Thus,  although  the  accumu- 
lation of  the  travertine  is  mainly  due  to  purely  mechanical  causes, 

it  depends  to  some  extent  on  the  growth  of  a  living  organism,  and 
it  is  this  factor  that  givts  to  these  dams  their  outward  resemblance 
to  coral  reefs. 

I  have  already  mentioned  that,  as  regards  the  Nam-Tu,  the 
calcareous  dams  are  only  to  be  found  in  the 

Occurrence  in  Nani-Tu.  ,     ,        .         ,    ,        ,  , 
upper  part  01  the  river,  before  it  enters  the 

deep  gorge  above  Ta-pangtawng.  The  reason  seems  to  be  that, 
as  it  passes  through  this  gorge,  it  receives  so  great  an  influx  of 

pure  water  from  the  sandy  and  argillaceous  hills  on  its  right  bank- 
that  the  particles  suspended  in  it  become  too  greatly  diffused  to 
enable  the  deposition  of  a  film  of  tufa  to  take  place.  There  is  a 

very  fine  series  of  dams  at  the  point  where  the  Namma  joins  the 

Nam-Tu,  at  the  railway  bridge  above  Hsipaw  (Plate  17),  but  they  end  ab- 
ruptly at  the  conflux,  and  below  this  none  are  to  be  seen,  at  least 

so  far  as  I  have  been  able  to  follow  the  river,  that  is  to  say, 

down  to  the  ferry  at  Tong-ang.  In  the  rivers  that  flow  to  the 
Salween  from  the  Loi  Ling  area  and  Loi  Twang  they  seem  to 

be  rare,  at  any  rate  within  the  part  of  the  country  now  described, 

but  there  are  some  good  examples  in  the  Nam-hen  near  Kehsi- 
Mansam,  and  they  are  almost  certainly  to  be  met  with  wherever 
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the  rivers  flow  for  any  distance  through  the  limestone. 
In  addition  to   the  calcareous  dams  in  the  rivers,   masses  of 

travertine  are  deposited  by  every  spring  and 
Deposits  from  springs.  ,    ,      e  .  . 

in  the    bed  of  every  stream,   often  reaching 

very    large    dimensions.     The    scarped    cliffs    along    fault  lines 
and   the  precipitous   sides   of   the  gorges  are  generally  festooned 
with  huge  masses  depending  like  curtains  from  their  crests ;  and 
where   the    conditions   are    favourable    these    masses    may  extend 

completely    across    the    gorge    and    form  a 
'■  Natural  Bridges.  .  „  \       .  *  _  .  n      ,  ,  ,  ,, Natural  Bridge.  Of  such  a  nature  is  the 

famous  '  Natural  Bridge '  in  the  Gokteik  gorge,  which  was  for 
ages  used  by  the  Chinese  and  Shans  as  a  means  of  crossing 
this  deep  canyon  with  their  trains  of  pack  bullocks  and  mules, 
and  now  carries  the  supports  of  the  great  railway  viaduct.  I  have 

already  given  an  account  of  this  bridge  in  our  Records,1  and  it 
will  be  sufficient  to  say  that  it  appears  to  have  been  formed  by  an 

accumulation  of  tufa,  deposited  mainly  by  springs  on  the  southern 

side,  which  has  gradually  filled  the  narrow  space  between  the  ver- 
tical walls  of  the  cleft.  Further  to  the  east  again,  on  the  descent 

to  the  crossing  over  the  Namhsim,  before  reaching  Bawgyo,  the 
railway  passes  through  a  cutting  several  hundred  yards  long  and 
a  hundred  feet  or  more  in  depth,  entirely  excavated  in  travertine 
deposited  by  springs  issuing  from  the  hill  side  above  the  line  (Plate  21). 

Where  the  travertine  is  deposited  by  feeble  siirings  issuing  from 
,,.  fissures   beneath   the   red  clav,   the   latter  is 
Clays,  etc.,  impregnat-  .  1 

ed  with  calcareous  converted  into  a  very  hard,  cellular,  argill- 
mattor-  aceous  limestone,  generally  of  a  pink  colour, 
and  often  containing  large  numbers  of  recent  land  shells  and  leaves. 

Sometimes  also,  where  the  carbonate-laden  water  of  a  stream  from 

the  limestone  area  flows  through  a  ravine  in  the  older,  non-cal- 
careous rocks,  the  tufa  will  bind  together  fragments  of  the  latter 

into  a  limestone  breccia,  which  may  form  a  very  hard,  superficial 

layer  several  inches  thick  on  the  surface  of  the  older  rock,  and 

may  easily  be  mistaken  for  the  outcrop  of  an  interstratified  band. 

A  freshly  broken  surface  will,  however,  always  show  either  a  min- 
utely porous  or  a  banded  fibrous  structure  of  the  matrix,  which 

at  once  indicates  its  recent  origin. 

1  The  Natural  Bridge  in  the  Gokteik  (Jorge;  Records,  (Jcol.  Surv.  7nrf.,Vol.  XXXIII, 
Pt.  1,  p.  49. 
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(c)  River  Alluvium. 

The  broad  straths  along  the  river  and  stream  courses,  which 
r,.      „    .  constitute    the    only    permanently  cultivated Kiver  alluvium.  ■*  J 

ground  in  the  States,  are  generally  composed 

of  clays,  more  or  less  sandy  according  to  the  nature  of  the  rock 
drained,  of  grey  or  yellow  colours  contrasting  strongly  with  the 

red  clay  of  the  surrounding  hill  slopes.  They  contain  a  consider- 
able proportion  of  calcareous  matter,  deposited  from  solution,  and 

are  extremely  fertile  when  irrigated,  as  is  almost  invariably  the 

case ;  the  ground  being  artificially  terraced  up  to  the  highest  point 
at  which  water  from  the  hills  can  be  led  on  to  the  fields,  often 

through  wt?ll  engineered  channels  of  considerable  length.  The  prin- 

cipal crop  grown  on  these  irrigated  fields,  known  as  '  Na  '  culti- 
vation, is  paddy  or  rice,  but  a  certain  proportion  of  leguminous 

crops  is  also  produced.  Tobacco  is  mainly  grown  along  the  banks 
of  the  rivers,  on  the  beds  of  rich  silt  left  when  the  floods  have 

subsided  ;  and  among  the  Eastern  Ranges,  oranges  are  largely 
grown  along  the  smaller  streams,  on  the  narrow  triangular  area 
of  rich  alluvial  soil  which  is  found  where  the  ravines  open  out 
into  the  main  valley. 

(d)  Peaty  Deposits. 
In   certain  localities,  usually  on  the  gentlu  slopes  surmounting 

,      .  the  crest  of  a  scarp,  the  water  issuing  from 
Peaty  deposits.  ,  .  ■*•  ..  .  ~ 

springs,  instead  of  depositing  its  burden  of 
calcareous  matter  at  once,  sweeps  away  the  covering  of  red  clay, 
or  perhaps  prevents  its  formation.  In  such  places  a  rank  growth 
of  aquatic  plants  and  grasses  springs  up,  and  in  time  gives 
rise  to  the  accumulation  of  a  black  soil  resembling  peat,  among 
which  outcrops  of  the  solid  rock  may  generally  be  found.  These 

peaty  areas  are  often  of  considerable  dimensions,  and  may  be  easily 

recognised  by  the  short  green  grass  which  covers  them  and  by  the 
absence  of  trees.  They  are  common  about  Nawnghkio,  the  station 
on  the  southern  side  of  the  Gokteik  gorge,  and  they  seem  to  be 

almost  confined  to  such  positions  as  this,  that  is  to  say,  where  the 
plateau  is  gently  undulating  and  there  is  no  very  high  ground  in 
the  neighbourhood,  so  that  the  water  of  the  springs  has  no  very 

long  course  underground,  and  is  consequently  not  saturated  with 
carbonate  of  lime. 
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MANDALAY-LASHIO  RAILWAY  TRAVERSE. 

In  order  to  present  a  concise  review  of  the  stratigraphical 
features  of  the  Shan  plateau  described  at  length  in  the  foregoing 

pages,  it  may  be  interesting  and  useful  to  give  here  an  account 
of  the  geology  that  may  be  observed  along  the  line  of  railway 
connecting  Mandalay  with  Lashio  ;  for,  with  a  few  exceptions,  all 
the  formations  mentioned  are  to  be  met  with  on  the  line  itself ; 

wbile  those  that  are  not  actually  seen  in  the  cuttings  may  be 

visited  conveniently  from  one  or  other  of  the  numerous  railway  sta- 
tions. Many  years  will  probably  elapse  before  communications  are 

so  improved  that  visitors  will  be  able  to  travel  to  localities  far 
removed  from  the  railway  without  having  to  make  arrangements 

for  a  regular  camping  outfit. 
On  leaving  Myohaung,  the  junction  with  the  main  line  near 

Mandalay,  the  railway  traverses  the  alluvium 
Irrawaddy  plain.        ̂     ̂ e     Irrawaddy  valley   in  a  south-easterly 

direction  for    about    12  miles.     To    the    north    Mandalay  Hill  is 
seen  rising  above  the  city,  composed,  as  well  as  other  isolated  hills 
surrounded   by   the   level   alluvium,    of   crystalline   limestone  and 

gneiss  traversed  by  granite  veins,  belonging  to  the  gneissic  series  of 
Mogok.    These  rocks  also  form  the  long  range  of  hills  closing  the  view 
to  the  west,  on  the  opposite  bank  of  the  Irrawaddy,  and  along  their 

base  may  be  seen  deeply  indented  terraces  of  yellow  sand-rock,  which 
have  yielded  a  rich  harvest  of  late  Tertiary  mammalian  remains. 

The  level  ground  continues  to  the    first  station,   Tonbo,  imme- 
diately  to  the  north  of  which  the  limestone 

rocks  of  the  Shan  plateau  emerge  from  beneath 

the  alluvium,  forming  a  series  of    ridges    gradually  increasing  in 
height    until   the  main  ascent  is  reached  at  Sedaw.     The  beds  at 

Tonbo,  which  are  quarried  for  lime-burning  and  road-metal,  dip  steeply 
towards  the  plain,  and  the  same  dip,   more  or  less  accentuated, 
is  seen  in  all  the  ridges.  At  the  point  of   the  ridge  nearest  to  the 
station  (Loc.  27,  B  5)  the  rock  contains  a  fair  number  of  fossils 

(of  which  Fusulina  elongata  Shum.  is  the  only  species  determined), 
most  of  them  corals  converted  into  white  calcite,  and  easily  dis- 

tinguishable on  the  surface  of  the  dark-blue  limestone  in  which  they 
are  imbedded.     A  band  of  shelly  limestone,  filled  with  fragments  of 

brachiopod  shells,  occurs  at  the  southern  end  of  the  second  ridge 
near  Kyuwun,  but  no  fossils  worth  collecting  were  obtained  here. 
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From  Tonbo  to  Sedaw  the  line  rises  very  gradually  over  a  low 
_   ,  A ,  _  ,  fan,   formed    of   gravel   and   boulders  washed 
Ion  be  to  Sedaw.  ,  ~  mi  1 out  trom  the  feedaw  gorge.  Lo  the  south  the 

lofty  mountain  known  as  the  Myaleit-daung,  on  the  opposite  bank 

of  the  Myitnge  (Nam-Tu),  attracts  the  eye  by  reason  of  its  bold 
craggy  pinnacles.  This  hill  also  is  composed  of  the  Plateau  Lime- 

stone, clipping  steeply  towards  the  plains. 
At  Sedaw  we  begin  the  ascent  to  the  plateau  by  a  series  of 

„  ,  zig-zags   terraced  out  of  the  hill  side,  which  is Ascent  from  Sedaw.  .      ,  ,  . 
a  dip-slope  01  almost  bare  limestone  steeply 

inclined  to  the  west.  Sections  of  gastropods  and  bivalves  may  be 
seen  here  and  there  on  the  weathered  surface  of  the  rock,  but  are 

all  converted  into  calcite  and  useless  to  the  collector.  On  turning 

bhe  shoulder  of  the  hill  and  passing  through  a  very  short  tunnel 

the  beds  bend  over  and  dip  towards  the  north-east,  continuing  so 
for  a  few  hundred  yards  to  a  narrow  saddle,  immediately  below 
the  third  Reversing  station,  at  the  head  ot  a  deep  ravine  running 
down  to  the  Sedaw  river.  Here  a  sudden  change  takes  place 

lt  in   the   character   of   the   rocks.     The  saddle 
and  the  ridge  beyond  is  composed  of  red 

shaly  limestones,  which  by  their  intensely  crushed  appearance  and 
slickensided  surfaces  suggest  the  proximity  of  a  fault.  They  belong 

in  fact,  to  the  Naungkangyi  series,  probably  to  the  upper  part  of  it 
or  Nyaungbaw  stage,  and  are  brought  against  the  grey  limestones 
by  a  great  fault,  which  can  be  traced  for  many  miles  to  the  north 
and  south.     Here  they  contain  no  fossils,  except  a  very  occasional 

fragment  of    a    crinoid    stem    or  Orthoceras, Fossils.  .  .  .  . 
converted  into  calcite  ;  but  the  rich  collection 

of  cystidean  remains  described  by  Dr.  Bather  in  Mr.  Cowper  Reed's 
Memoir    was  made  in  the  ravine  mentioned  above.     This  locality 

(Loc.  88,  B  5),  however,  is  almost   inaccessible  from  this  point, 
but  it  may  be  reached  conveniently  by  a  path  leading  from  Sedaw 
station  along  the  bank  of  the  river  and  passing  round  the  northern 

end  of  the  hill  of  the  zig-zags. 
Leaving  the  fourth  and  uppermost  Reversing  station,  the  line 

passes  through  a  deep  cutting  and  two  '  cut Line  below  Zebingyi.  ,  ,  .  7  i  ■ 
and    cover      tunnels,   excavated    in  greatly 

crushed  shaly  limestones  with  a  high  easterly  dip,  probably  belong- 
ing to  the  Nyaungbaw  stage,  but  without  recognisable  fossils. 

Neither  the  lower  brachiopod-bearing  Naungkangyi  beds  nor 
upper  variegated  shales  with  trilobites,  etc.,  are  seen  here,  being 
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^  [  Tentaculites  beds. 

presumably  overlapped  along  the  line  of  the  fault.  On  emerging 
from  the  cutting  the  line  crosses  a  narrow  neck  formed  of  the 
same  beds,  and  a  glimpse  may  be  obtained  to  the  south  of  a 

vertical  scarp  of  the  Plateau  Limestone,  the  edge  of  a  small  out- 
lying plateau  in  which  these  limestones  rest  almost  horizontally 

upon  the  upturned  edges  of  the  rocks  we  have  been  passing  through, 
the  Namhsim  beds  being  absent.  The  limestone  is  reached 

a  little  further  on,  and  at  its  base  is  a 

small  exposure  of  Hack,  carbonaceous,  shaly 

limestones  containing  Tentaculites  elegans  Ban*.  These  are  the  Ze- 
bingyi  beds,  but  they  are  very  poorly  developed  here.  In  a  disused 
quarry  close  by  some  grey  flaggy  limestones  may  be  seen,  which 
belong  to  the  same  formation,  and  contain  Orthoceras,  either 
weathered  out  on  the  surface  or  seen  in  section  ;  but  when  I  last  saw 

it  this  quarry  was  overgrown  with  jungle  and  hardly  recognisable. 
Winding  along  the  edge  of  a  scarp  overlooking  the  Sedaw  gorge 

the  line  gradually  mounts,  through  a  series 

of  cuttings  in  the  limestone,  in  some  of  which 
First  plateau. 

From  a  sketch  by  the  author. 

Fig.  10.    Contortion  in  Plateau  Limestone,  near  Zebingyi. 
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sudden  contortions  of  the  strata  may  be  observed  (Fig.  10),  until  it 
reaches  the  top  of  this  little  plateau  and  runs    for  a  few  hundred 
yards  on  the  level.    It  then   crosses  a  narrow  ravine  which  marks 

pault  the   line    of    a    fault,  bringing    up    the  red 
Nyaungbaw  beds   again,  with  irregular  easterlv 

dips ;    and    these    are    followed     immediately     by    the  Zebingyi 

Zeb_     .  beds,    the    series    of    strata    being  repeated, 
ingyi  ,  carp.  ^  section  of  these  beds  is  seen  as  the 

line  climbs  the  Zebingyi  scarp  (Loc.  38,  B  5).     For  the  first  half 

of  the  ascent  flaggy  grey  limestones,  similar  to  those  exposed  in 
the   quarry  mentioned  above,   with   Orthoceras  and  an  occasional 

g  .j  shaly     band     containing    Tentacidites  elegans, 
are  passed  through.  Near  the  top  of  these 

flaggy  beds  the  fine  specimen  of  Phacops  (Dalmanites)  Swinlwei, 
described  and  figured  by  Mr.  Cowper  Reed  on  page  140  of  his 
Memoir  on  the  lower  Palaeozoic  fossils  of  the  N.  Shan  States,  was 

found,  immediately  below  a  deep  cutting  through  the  black  grap- 
tolite  beds.  The  graptolites  here  are  rather  difficult  to  detect, 
and  are  not  well  preserved,  but  swarms  of  Tentacidites  may  be 
seen  on  the  bedding  planes  of  the  rock.  The  black  limestone  is 

succeeded  by  flaggy  grey  limestones  without  fossils,  forming  the 
base  of  the  Plateau  Limestone,  and  these  are  soon  followed  by  the 
more  massive  and  intensely  crushed  dolomitic  variety,  which 
constitutes  the  small  plateau  on  which  Zebingyi  is  situated.  The 

dip  of  the  whole  series  is  to  the  east-north-east  or  north-east  at 
low  angles,  but  is  somewhat  irregular.  The  only  organisms  found 
in  the  limestone  near  the  station  are  a  few  crinoid  stems  or  ill 

preserved  corals,  visible  on   the  weathered  surface.1 

Leaving  the  station  the  line  ascends   a   gentle   dip-slope,  the 
limestones  being  bent  up  and  dipping  to  the 

Zebingyi  p  ateau.        north-west,  forming  a    shallow    syncline  with 
Zebingyi  in  the  centre.     At  the  head  of  the  incline  an  insignificant 

cutting  is  passed  through  (Loc.  39,  B  5),  in  which,  and  in  the 

.j  trenches   beside  the  line,   the    Zebingyi  beds 
appear   again,   and   though   much  attenuated 

in  thickness,  contain  graptolites  in  a  much  better  state  of  preser- 

1  When  I  passed  through  Zebingyi  for  the  last  time,  in  1907,  a  quarry  had  been  opened 
in  the  red  Nyaungbaw  limestone  at  Yemeye,  about  three  miles  to  the  south,  and  the  stone 
was  being  brought  down  to  the  station  for  despatch  to  Rangoon,  to  be  used  in  the  build- 

ing of  a  new  Government  hospital  there.  This  rock  contains  large  numbers  of  the  pecu- 
liar fossil  Carnarocrinus  asiaticus  Reed,  and  excellent  specimens  were  to  be  obtained  fiom 

the  heaps  lying  in  the  station  yard. 
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vation  than  at  the  lower  locality.  They  rest  upon  a  bed  of  hard 

limestone  weathering  into  a  sandy  marl,  in  which  the  pygidia  of 

Phacops  shanensis  Reed  and  casts  of  Orthoceras  are  common,  but 

the  latter  are  reduced  to  dust  and  are  not  worth  collecting. 

A  blank  space  of  two  or  three  hundred  yards  follows,  succeeded 
by  a  steep  rise  to  the  plateau  on  which  Thon- 

Pymtha  flexure.  daung  stands.  The  line  works  along  the 
northern  end  of  this  rise,  overlooking  the  Sedaw  gorge,  through 
a  series  of  cuttings  in  more  or  less  flaggy  limestones  belonging  to 

the  Nyaungbaw  stage.  Fossils  are  not  common,  but  an  occasional 
crinoid  stem  or  Orthoceras  may  be  found.  Camarocrinus  asiaticus 

should  occur  here,  but  it  has  not  been  found  in  the  railway  cut- 

tings, though  it  may  be  obtained  in  large  numbers  on  the  strike 
of  these  beds  above  Yemeye  (Loc.  71,  B  5),  a  few  miles  to  the 

south,  where  the  cart  road  ascends  this  rise  on  the  way  to  Pyin- 
tha.  The  rocks  form  a  dip-slope  facing  west,  but  at  the  northern 
end  they  bend  over  into  the  Sedaw  gorge,  and  the  railway  runs 

along  the  crest  of  an  anticlinal  fold. 
An   interesting  section   is   exposed   immediately   beyond  Thon- 

daung   (Waboye)  station  (Loc.  42,  B  5).  On 

(fJ^p^O)10™1'™118  the  station  Platform  shaly  limestones  belonging to  the  Nyaungbaw  stage  are  seen,  dipping 

east  at  about  20  degrees.  These  are  followed,  just  outside  the 

station  yard,  by  the  Zebingyi  Tentaculites  beds,  succeeded  in  turn 
by  a  poor  exposure  of  the  Plateau  Limestone.  Then  there  is  a 
blank  of  about  50  yards,  beyond  which  the  flaggy  Nyaungbaw 
limestones  appear  again  in  a  short  deep  cutting,  brought  up  by  a 
fault  and  dipping  eastwards  at  about  50  degrees.  At  the  northern 
end  of  the  cutting  the  topmost  bands  of  these  limestones  are  seen 
to  be  much  eroded,  and  reddish  shales  with  Tentaculites  elegans  rest 

directly  upon  them  (Plate  9),  dipping  in  the  same  direction,  fol- 
lowed, after  an  interval  of  some  two  or  three  hundred  yards,  in  which 

the  dip  becomes  much  lower,  by  Plateau  Limestone.  Thus  the 
section  between  the  station  and  the  cutting  is  repeated.  When  the 

railway  was  under  construction  fine  specimens  of  graptolites, 

Fossils  Tentaculites  elegans,   and   Modiolopsis  shanensis 
were  to  be  obtained  in  the  '  borrow  pits ' 

beside  the  line,  but  they  have  now  become  silted  up,  and  it  is 
not  easy  to  obtain  fragments  of  the  rock.  A  conical  hill  of 

limestone    overlooking    these    pits    is  noteworthy  as  the  site  of 
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an  iron  mine,  from  which  the  place,  Thondaung,  takes  its  name. 
The  mine,  which  does  not  seem  to  have  been  much  more  than 

a  prospecting  adit,  is  now  rilled  in,  but  the  ore  may  have 
occurred  as  the  infilling  of  fissures  in  the  limestone. 

The  lowest  beds  of  the  Plateau  Limestone  are  well  exposed  in 
the  cuttings  further  on,  and  are  more  flaggy 

Main  plateau.  ,  .  ft     .  , '  , and  sandy   than    usual,  but    they   soon  give 
place  to  tho  crystalline  dolomite,  which  continues  the  whole  way  to 
Maymyo,  with  the  exception  of  a  small  cutting  passed  through  a 
little  to  the  west  of  Letkaung,  at  the  foot  of  the  final  ascent  (Loc. 
26,  B  4j.     Here  there  occurs  one  of  the  few  bands  of  shale  that 

are  in terstra titled  with  the  limestone,  but  the  only  fossil  found  in 
it  is  a  small  Lingula.     The  Zebingyi  beds  are  not  seen  again  on  the 
railway,  but  they  run  parallel  to  it  on  the  north,  along  the  Test 

of  the  precipices  that  flank  the  Sedaw  gorge,  and    approach  the 

line  closely  at  Myenigon  (Loc.  40,  B  5),  near  Ani-sakan  station. 
At    Letkaung,    mentioned   above,    the    Xaungkangyi  variegated 

•  b  d        shales  approach  to  within  a  short  distance  of 
the  line,  but  are  not  cut  through  by  it.  In 

fact,  from  Thondaung  to  Hsipaw,  a  distance  of  104  miles,  measured 
along  the  railway,   it  passes   almost  without  exception    over  the 

Plateau  Limestone.    The  Naungkangyi  beds  may,  however,  be  conven- 
iently visited  from  Maymyo,  as  they  form  the  whole  of  the  hills 

lying  within  two  miles  to  the  north  of  the  town.     The  fossil  local- 
ities of  Palin,  Ledet,  Lebyaungbyan,  and  Makyinu  (Locs.  81-84,  B  4), 

are  all  within  a  day's  ride,  and  along  every  path,  wherever  the 
rock  is  exposed,  the  remains  of  Cystideans  and  other  fossils  may  be 
collected. 

Beyond  Maymyo  the  line  runs  across  the  limestone  plateau  to 

t  .  Wetwin,  where  it  descends  a  precipitous  scarp 
facing  the  valley  of  the  Ke-laung  stream, 

from  the  crest  of  which  a  fine  view  of  the  plateau  may  be  obtained 

closed  on  the  east  by  an  even-topped  scarp  following  the  line  of 
the  great  Kyaukkyan  fault.  At  our  feet  the  village  of  Wetwin 

is  seen,  nestling  in  a  shady  grove  of  jack-fruit  trees  (Artocarpus 
integri folia),  and  built  upon  the  only  exposure  known  of  the 
Wetwin  shales  (Loc.  29,  C  4).  Outcrops  of  these  beds 
may  be  found  in  the  watercourses  and  in  the  banks  of  the  lanes 
surrounding  the  village,  but  are  apt  to  be  much  concealed  by 

vegetation.     The  middle  Devonian  locality  of  Padaukpin  may  also 
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be  conveniently  visited  from  this  station,  as  it  lies  only  a  mile 
away  to  the  east  (Loc.  30,  C  4).  The  outcrop  of  the  fossiliferous 
band  lies  just  outside  the  western  gate  of  the  village,  and  the 
fossils  may  be  picked  out  in  large  numbers  from  the  surface  clay. 
Some  good  examples  of  calcareous  dams  may  also  be  seen  in  the 

bed  of  the  picturesque  Ke-laung  stream  close  by  (Plate  19). 
Proceeding  onwards    from  Wetwin  the  line  runs  for  a  consider- 

able distance   over  an   almost   level  expanse 
\A  otwin  to  Kvaukkyan.  * 

oi  the  Plateau  Limestone,  surrounding  the 
town  of  Hsum  Hsai  (Thonze).  The  chief  point  of  interest  in 

this  stage  of  the  journey  is  the  extraordinary  number  of  streams 
that  are  crossed,  all  flowing  from  the  hilly  ground  to  the  north, 

and  gradually  bunching  together  until  they  join  the  Hpawng-Aw, 
running  along  the  foot  of  the  Kyaukkyan  scarp,  causing  the  map  of 
this  tract  to  look  like  that  of  a  delta  reversed  (Fig.  11  on  next  page). 

Two  explanations  of  this  multiplicity  of  streams  have  suggested  them- 
selves to  me.  Either  the  valley  was  covered,  at  no  distant  period, 

with  a  layer  of  the  Napeng  shales,  which  has  now  been  entirely 
removed  by  denudation,  but  at  so  recent  a  date  that  the  streams, 
issuing  from  numerous  springs  in  the  hills  to  the  north,  have  not 
yet  had  time  to  excavate  deep  channels  in  the  hard  limestone 
floor.  Or,  and  this  seems  the  more  probable  explanation,  the 
streams  are  so  choked  with  travertine  that  they  are  unable  to 

deepen  their  channels  ;  on  the  contrary  their  beds  are  so  quickly 
filled  up  with  this  deposit  that  they  are  constantly  changing 
their  courses,  giving  rise  to  the  anastomosing  network  of  channels 
which  we  see.  There  is,  it  must  be  said,  no  evidence  that  the 

Napeng  shales  once  extended  over  the  whole  of  this  area,  though 
there  are  two  small  mounds,  composed  of  yellow  shales,  on  the 

railway  between  Hsum  Hsai  and  the  Kyaukkyan  scarp,  which 
may  belong  to  this  period  :  but  they  contain  no  recognisable  fossils. 

We  now  come  to  the  Kyaukkyan  scarp,    which  has  been  grow- 

K  aukk  an  more    an(^    more    well    defined    since  we 
left  Wetwin.  To  the  south  a  long  line  of 

precipitous  cliffs  of  limestone  curtained  with  thick  deposits  of  traver- 
tine marks  the  crest,  but  at  the  gap  where  the  railway  and  cart- 

road  cross  it  these  are  not  conspicuous.     At  this  point  the  rise 
takes  the  form  of  a  uniclinal  flexure  in  the 

Flexure.  ,. 
limestone  rather  than  a  fault  scarp,  and  the 

ascent  from  the  valley  we  have  left  is  only  about  400  feet,  but 
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Fig.  11.    Branches  of  the  Hpawng-aw  R.  on  the  Plateau  of  Hsum  Hsai. 

Scale  1"  =  4  miles. 

^   it  there  is  a  distinct  fault  along  the  crest,  with a  down  throw  to  the  west.  Further  to  the 

south,  however,  the  throw  increases  until  the  relative  difference  in 

level  becomes  about  3.000  feet,  and  the  rocks  underlying  the  lime- 
stone, the  Namhsim  and  Naungkangyi  beds,  are  brought  up  to 

the  surface.  At  the  pass  the  fault  has  preserved  a  patch  of  the 
Napeng  shales,  and  of  the  hard  blue  limestones  beneath  them,  the 

latter  being  exposed  in  the  'borrow  pits'  on  the  ascent  and  the 
shales  near  the  crest,  just  before  the  line  enters  a  deep  cutting 
through  the  limestone  (Loc.  11,  D  3).  The  shales  dip  towards 
the  fault  and  are  full  of  fossils,  which  may  be  collected  either  at 
the  side  of  the  line  or  on  the  cart-road  above.  The  limestone  in 

the  cutting  is  intensely  crushed,  and  traversed  by  beautifully 

polished  '  slickenside  '  planes,  evidently  due  to  the  proximity  of  the fault. 
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From  this  point  the  line  runs  to  Nawnghkio,  where  the  descent 

to    the    Gokteik   gorge    begins,    over  an  al- 
Gokteik  gorge.  .  6    &.,  6 most  level  plateau,  with   a   fine   view,  across 

the  valley  to  the  north,  of  the  rugged  hilly  country  beyond  the 

Nam-panhse,  composed  of  the  Chaung-Magyi  slates  and  quartzites. 
The  richly  fossiliferous  locality  of  Chaungzon  (Loc.  96,  D  3),  where 

the  brachiopod-bearing  lower  Naungkangyi  beds  are  exposed,  may 
be  visited  from  here.  It  lies  on  the  cart-road,  which  descends  the 

scarp  to  the  north  of  the  village  by  a  series  of  zig-zags,  at  the 
point  where  the  river  at  the  bottom  of  the  gorge  first  comes  into 

view.  The  variegated  upper  Naungkangyi  shales  are  also  exposed 
between  this  point  and  the  Chaungzon  bridge,  but  not  very  clearly. 

The  railway  descends  the  scarp  further  to  the  south-east,  to  the 

'  Natural  Bridge  '  and  viaduct,  where  the  officials  have  provided 
a  comfortable  bungalow  for  the  convenience  of  tourists,  many  of 
whom  visit  the  place  during  the  cold  weather  to  view  the  wonders 

of  the  gorge.  On  the  descent  numerous  cuttings  are  passed  through, 
for  a  considerable  distance  in  Plateau  Limestone  dipping  towards 
the  gorge,  and  near  the  viaduct  in  travertine  deposits  which  thickly 
clothe  the  slopes  above  the  deep  cleft  through  which  the  river 
flows.  The  opposite  side  of  the  gorge  is  a  vertical  wall  of  massive 
limestone,  thickly  festooned  with  travertine,  which  the  railway  climbs 

diagonally  through  a  series  of  tunnels  and  loops  to  a  plateau  on 
the  same  level  as  Nawnghkio. 

Beyond  this  nothing  of  interest  is  seen  until  Nawngping  is  reach- 
ed.   Two  miles  to    the  north  of  this  station 

^Sink-hole  at  Nawng-    jg  the  curi0Us  '  pjpe  '  mentioned  on  page  287, 
filled  with  shaly  clays  containing  crustacean 

remains,   probably  of   Napeng  or   Rhsetic   age,   and  encrusted  with 
an  ancient  travertine  deposit  (Loc.    12,    D   3).     From   this  point 

to    Pyaunggaung    the    line    runs     entirely    through    the  Plateau 
Limestone. 

From  Pyaunggaung  a  visit  may  be  made  to  Namsaw,  or  as 

the  Shans  call  it,    Mong-tim,  a  village  lying Sections  at  Nam  saw.         .      ,    _      .,      .  , ,  , 
about  0  miles  to  the  north-west,  where,  within 

a  space  of  less  than  two  miles  square,  all  the  Palaeozoic  formations 
mentioned  in  these  pages,  with  the  exception  of  the  lower 
Naungkangyis,  may  be  seen  ;  but-  the  structure  of  the  ground 

is  so  complicated  that  it  is  difii'uilt  to  make  out  the  relations 
of  the  formations  to  each  other.  Looking  westwards,  the  lofty 

hills  across  the  Nam-Tiing,  on  the  banks  of  which  the  village  is z  2 
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built,  are  composed  of  the  highly  inclined  Chaung-Magyi  rocks. 
At  the  base  of  these  there  is  a  fringe  of  Namhsim  sandstones, 

forming  a  precipitous  scarp  overhanging  the  river  ;  and  at  the 
base  of  these  again,  just  above  the  river,  appears  the  purple, 

schistose-looking  limestone  at  the  top  of  the  Naungkangyis, 
followed  by  the  variegated   shales  of  the  same  formation. 

The  straths  on  both  sides  of  the  river  are  on  Plateau  Limestone, 

which  may  be  seen  cropping  out  here  and  there,  cut  off  from  the 

scarp  by  a  fault  of  considerable  throw.  To  the  north  of  the  vil- 
lage the  Namhsim  sandstones  form  a  densely  forest-clad  hill, 

apparently  the  end  of  a  long  dome-shaped  east  and  west  fold, 
probably  faulted  along  its  northern  limb,  which  disappears  abruptly 
on  the  river  bank ;  and  behind  this  the  Naungkangyi  beds  are 

exposed,  at  the  foot  of  the  zig-zags  on  the  road  leading  across  the 

j  hills  to   Mong   Long,  backed  by  the  Chaung- 
Magyi  rocks.  The  amount  of  faulting  and 

folding  that  seems  to  have  taken  place  in  this  angle  is  extraordinary ; 
and  the  ground  is  so  concealed  with  rainwash  and  vegetation, 

generally  at  the  most  critical  points,  that  although  I  spent  several 

days  over  it,  I  was  unable  to  satisfy  myself  as  to  the  true  struc- 
ture. Specimens  of  Pliomera  ingsangensis  may  be  collected  in  this 

neighbourhood  at  Hweyawt  (Loc.  95,  D  3),  and  at  the  foot  of 
the  main  range  of  hills  north  of  Namsaw  (Loc.  94,  D  2). 

The  main  area  of  the  Napeng  beds  may  also  be  reached  con- 
,  ,  veniently  from  Pyaungsraune,  bv  a  road  bra nch- 

INapeng  beds.  .  ,  ,         00       °     *  . 
ing    ofi  from    the  cart-road    at  Ky-wai-kong, 

about  5  miles  north-east  of  the  station,  the  whole  distance  being 
about  10  miles.  Fragments  of  the  shales  are  first  met  with  on 
a  ridge  about  half  a  mile  short  of  the  village  of  Xapeng,  and  are 
in  situ  in  the  bed  of  a  small  stream  just  beyond  (Loc.  15.  E  3), 

and  at  the  village  itself.  The  outcrop  in  the  stream  bed  is  ex- 
ceedingly rich  in  fossils,  and  most  of  the  species  peculiar  to  these 

beds,  including  Pteria  (Avicula)  contorta  Portl. 
Fossils.  _  °  „  . 

Urammatodon  Lycettu  Aloore,  hervitlia  pre- 
cursor Quenst.,  Protocardia  contusa  Healey,  as  well  as  fine  specimens 

of  the  new  genus  Burmesia,  may  be  obtained. 

Returning   to   the   railway,    from    Pyaunggaung   eastwards  the 

line  passes  over  Plateau  Limestone  for  several 

K>Pauk^ceaUng        10    miles'    running    parallel    to    the    foot    of  the 
dome-shaped  fold  in  the  N;iinhsim  sandstones 
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mentioned  above.  Just  two  miles  short  of  Kyaukme  station  it 

cuts  through  the  very  end  of  this  dome,  and  in  a  cutting  here  are 
exposed  the  richly  fossiliferous  marls  of  Konghsa  (Loo.  55,  E  2), 
which  have  yielded  good  specimens  of  Encrinurus  IvngJisaensts 

Reed,  Orthis  bifowta  Schloth.,  Fenestella  sp.,  etc.  The  rock  ex- 
posed in  the  cutting  is  exceedingly  friable,  and  it  is  by  no  means 

easy  to  preserve  the  specimens ;  but  it  may  be  harder  further  in, 
and  it  might  be  worth  while  to  make  a  deeper  excavation  at  this 
spot.  From  Kyaukme  the  fossiliferous  locality  of  Manaw  (Loc.  52,  E 
2),  which  lies  about  7  miles  to  the  north,  at  the  crest  of  a  scarp  of 
Namhsim  sandstone  overlooking  the  Namhsim,  may  also  be  visited  ; 
but  the  band  in  which  Orthis  biloba  occurs  in  such  profusion  is 
rather  difficult  to  find,  as  it  is  only  six  inches  or  so  in  thickness. 

Eastwards  from  Kyaukme  the  line  runs  for  several  miles  over 

a    level    plateau.      About    half-way  between Kyaukme  to   Namhsim.  t.  ,  T       ,  ,  .  ,  ,  ,  , 
the  station  and  Loihkaw  some  highly  contorted 

carbonaceous  shaly  beds  are  exposed  in  a  trench  beside  the  line, 
in  which  specimens  of  a  minute  Estheria  and  fragments  of  plants 

may  be  obtained  (Loc.  31,  E  2)  'Fig.  6,  p.  255).  Beyond  Loihkaw 
the  line  begins  to  descend  towards  the  Namhsim  crossing,  and 

on  first  sighting  the  river  winds  round  the  end  of  a  lofty  prom- 
ontory of  limestone  covered  with  a  thick  deposit  of  travertine., 

through  which  the  railway  is  carried  in  a  deep  cutting.  The 
cavernous  nature  of  the  deposit  is  well  seen  here  (Plate  21).  At 
the  eastern  end  of  this  cutting  Napeng  beds  appear  from  beneath 
the  travertine,  dipping  north  towards  the  river,  and  outcrops  are 
seen  at  intervals  in  the  trenches  beside  the  line  for  a  distance  of 

about  a    quarter  of   a  mile. 

This    is    the    Hson-oi  locality    (Loc.  13,  E  2).     The  beds  are 

gg.]g  more   calcareous    than    at   Napeng,   and  ar» 
highly  fossiliferous  in  places.  Specimens  of 

Burmesia  Urata,  Protocardia  contusa,  and  the  little  gastropod 
Promathilda  exilis,  all  described  and  figured  by  Miss  Healey,  are 

the  most  common  forms.  In  a  deep  '  borrow  pit '  between  the 
railway  and  the  cart-road  large  masses  of  the  blue  limestone  at  the 
base  of  the  shales  may  be  seen,  with  corals,  Lophosmilia  precursor 
and  Isastrcea  confracta,  visible  on  the  weathered  surface.  Masses 

of  these  limestones  also  occur  on  the  slopes  between  the  line  and 
the  river  below. 
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Immediately  beyond  this  the  railway  crosses  the  cart-road,  and 
at  the  crossing  the  red  Namvau  beds  appear 

NamyanbeT^"'0    *    f°r  the   first  time>   diPPinS  n0rth  at  aWlt  45 degrees.     They    are    highly     weathered  and 
friable  in  the  cuttings  along  the  line  between  this  point  and  the 
railway  bridge,  and  contain  no    fossils.     Across  the  river  to  the 

north  they  are  found  at  the  base  of  a  vertical  scarp  of  the  Plateau 
Limestone,  which  marks  the  line  of  a  fault 

running  along  the  north  side  of  the  Nam-Tu 
valley,  which  we    now    enter    upon.     The    salt    wells    of  Bawgyo 

are  situated  on  the  fault,  at  the  foot  of  the  scarp  about  half  a 
mile  to  the  north  of  the  station. 

Beyond  the  railway  bridge  the  line  enters  upon  a  wide  alluvial 
plain,  after    passing    through    a    cutting  in 

Nam-Tu  valley.  r  i     ,   °  °  ' °  . one  of  the  via  boulder  terraces    deposited  m 

recent  times    by   the  Namhsim    or   Nam-Tu,    and  runs  across  this 
plain  to  Hsipaw.     Nothing  of  special    interest  is  to  be  seen  in  the 
immediate  neighbourhood  of  the  town,    except  the   boulder  terraces ; 

but  at  Ta-ti  ferry  (Loe.  7,  F  2),  6  miles  to  the  north-east,  one 
of  the  limestone  bands  near  the  base  of  the  Namyau  series  is  to  be 

seen,   containing  large  numbers   of  Rkynchonella.     The  outcrop  is 
on  the  left  bank  of  the  river,  about  a  mile  above  the  ferry,  at 

the  mouth  of  a  picturesque  gorge  from  which  the  Nam-Tu  issues. 
The  conglomerate  band  at  the  base  of  the  series  is  also  visible  in 
the   banks   of  the   river  below  the  limestone.     Another  of  these 

bands  of  limestone  may  be  reached  from  Hsipaw,  by  following  the 

river  down  to  Bawgyo,  where  it  crops  out  on  the  left  bank  directly 
opposite  to  the  village.    The  rock  here  yields  numbers  of  Terebratula 
as  well  as  Rkynchonella. 

From  Hsipaw  also  an  excursion  may  be  made  to  the  village  of 

Panghsa-pye,  lying  7  miles  to  the  north-west 
Excursion  to  Panghsa-     (about  1Q  mileg  by  ̂     rQad);    Qn  ̂   way  ̂  

Nam-Hsan,  the  capital  of  the  Tawng-peng 
State.  At  Panghsa-pye  the  Llandovery  graptolite  band  at  the  top  of 

the  Naungkangyi  beds,  and  its  relations  to  the  rocks  above  and  be- 
low, may  be  studied.  The  road  runs  northwards  over  the  Hsipaw 

plain  for  two  or  three  miles,  and  then  passes  over  an  old  boulder 

terrace  to  Na-kio,  where  it  enters  a  valley  in  the  Plateau  Lime- 
stone.   This  continue?  as  far  as  Pangmaklang,  where  it  is  succeeded 
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by   the   Namhsim   sandstone.    A  little  further   on,    near  Namsio, 
.  we  come  upon  the  southern  end  of  the  great 

Lilu  overthrust,  which  appears  to  be  cut  off 

by  a  cross  fault  running  along  the  valley  we  have  been  ascending, 
and  this  brings  up  the  Naungkangyi  beds,  which  fill  the  whole  of 

the  valley  below  Pangksa-pye.  The  road  follows  the  upper  margin 
of  these  beds,  and  the  purple  band  at  the  top,  crowded  with  cri 

noid  stems  and  containing  an  occasional  trilobite,  is  seen  at  inter- 
vals. Fragments  of  the  white  graptolite  shales  may  also  be  picked 

up,  but  their  outcrop  is  above  the  path,  and  concealed  by  rain- 
wash  and  jungle.  They  are  in  situ  on  the  saddle  on  which  Pang- 

hsa-pye is  built,  at  the  foot  of  a  sandstone  scarp,  a  quarter  of  a 

mile  to  the  south-east  of  the  village  (Loc.  65,  F  2).  The  outcrop 
is  apt  to  be  concealed,  but  may  easily  be  found  by  working 
upwards  from  that  of  the  purple  band,  which  is  well 
exposed  on  the  narrowest  part  of  the  saddle.  Fossils  are  also 

to  be  found  in  the  Namhsim  sandstones  forming  the  scarp 
above,  and  in  the  lanes  of  the  village  itself  good  collections  mav 

be  made  from  lower  members  of  the  Naungkangyi  group.  The 
plane  of  the  overthrust  may  be  reached  by  following  the  path 
leading  westwards  along  the  crest  of  a  narrow  ridge  for  about 

half  a  mile,  and  is  recognisable  by  a  sudden  change  in  the  char- 
acter of  the  rocks,  the  shales  giving  place  to  sandstones,  though 

the  dip  preserves  the  same  direction,  to  the  south-east.  Poorly 
preserved  specimens  of  Ckthonota  and  Pycnom/phalus  (?)  may  be 
found  in  these  sandstones,  showing  that  they  are  of  Silurian  age, 
though  they  dip  below  the  Ordovician  shales. 

Continuing  the  railway  journey  from   Hsipaw  eastwards,  about 
_  .  four   miles   above   the   town  the  vallev  of  the 

Hsipaw  to  Se-in.  ,T,     _      .  ,  .  i 
Mam- lu  closes  in,  becoming  narrow  and  V- 

shaped,  and  from  this  point  onwards  the  line  is  carried  along  the 
banks  of  this  river  or  its  tributaries,  the  Namma  and  the  Namyau, 
to  within  a  few  miles  of  Lashio.  The  red  sandstones  and  stales  of 

the  Namyau  series  are  well  exposed  in  a  series  of  deep  cuttings 
along  the  whole  of  this  part  of  the  line,  generally  showing  very 
high  dips,  as  the  railway  cuts  diagonally  across  the  compressed 
north  east — south-west  folds  into  which  the  rocks  are  thrown.  Fine 
examples  of  ripple  marking  may  be  seen  on  the  surface  of  the 
layers  of  sandstone  in  the  deep  cuttings  near  Hsunlong  (F  2),  but 
as  a  rule  these  beds  are  not  interesting.  About  12  miles  from 

Hsipaw  the  Narn-Tu  issues  from  a  narrow  gorge  in  these  rocks  and 
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joins  the  Namma  at  right  angles,  as  if  the  former  river  were  the 
tributary  stream.  Immediately  above  the  conflux  a  fine  series  of 

travertine  dams  in  the  Namma  is  visible  from  the  railway  bridge, 
ending  off  abruptly  at  the  pool  where  the  rivers  unite  (Plate  17). 
Above  this  point  these  dams  are  rarely  absent  from  the  views  of 
the  river  that  we  obtain  as  the  train  proceeds,  and  add  much  to 
the  beauty  of  the  scenery.  A  perfect  example  spans  the  river  close 

to  the  platform  at  Se-in  (Se-Eng)  station,  and  may  be  inspected 
while  the  train  halts.  Near  this  station  also  collections  may  be 
made  from  one  of  the  limestone  bands  in  the  Namyau  series, 
outcrops  of  which  will  be  found  on  the  line  about  a  mile  to  the 

west,  and  again  about  two  miles  to  the  north-east  of  the  station, 
probably  belonging  to  the  same  band.  The  latter  outcrop  is  the 

more  fossiliferous,  and  good  specimens  of  Terebratula  and  Rhyncho- 
nclla,  as  well  as  oysters  in  profusion,  may  be  collected  (Loc.  8,  Gr  2). 

About  5  miles  above  Se-in  the  line  begins  to  mount  the  hills 

Se '  to  M  h    '         011  ̂ 6  r*§kt  bank,  at  a  point  where  the  river 
makes  a  right-angled  bend  and  after  a  short 

course  resumes  its  former  direction.    On  the  ascent,  after  rounding 

M    S.     Falls         ̂ e  ̂ ower  bend,   a  magnificent   series  of  falls, 
extending  like  a  giant  salmon-ladder  for  more 

than  a  mile  up  the  river,  comes  into  view,  flanked  on  either  side 

by  precipitous  slopes  of  limestone  (Frontispiece).  The  sudden  bend  in 
the  river  marks  the  line  of  a  cross  fault,  bringing  down  the  red  beds 

against  the  Plateau  Limestone,  and  the  falls  are  due  to  the  compar- 
ative rapidity  with  which  the  softer  red  sandstones  and  shales  below 

the  scarp  have  been  eroded,  while  at  the  same  time  the  river  has 
cut  back  a  narrow  gorge  through  the  limestone.  The  intense 
crushing  that  the  red  beds  have  been  subjected  to  near  the  fault 
is  a  constant  source  of  anxiety  to  the  railway  engineers,  for  the 

deep  cuttings  through  these  rocks  are  very  unstable  after  rain, 
and  this  has  no  doubt  aided  the  excavation  of  the  deep  bay  below 
the  falls.  Rounding  a  sharp  curve  at  the  head  of  a  narrow  ravine 
to  the  west  of  the  falls,  the  line  passes  at  once  on  to  the  Plateau 

Limestone,  which  extends  from  this  point  to  and  beyond  Manhpwi 
station  ;  the  boundary  with  the  red  beds  running  parallel  and  close 
to  the  railway,  at  the  base  of  the  hills  on  the  west. 

At  Manhpwi  the  steam  tramway  from  the  Bawd  win  silver-lead 
mines  joins  in.     These  are  situated  about  30 

Bawdwin  mines  tram-    mileg   to   the  north-west,  and  the  tram  line way. 
runs   for   the   greater   part    of  the  distance, 
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that  is  to  say,  to  within  8  miles  of  the  mines,  through  the  red 

Namyau  beds.  A  bridge  then  carries  the  line  across  the  Nam-Tu, 

and  beyond  this  a  descending  series  of  rocks  is  passed  through,  in- 
cluding the  Plateau  Limestone,  the  Namhsim  sandstone,  Naung- 

kangyi  beds,   and  the    Bawdwin    grits  and  volcanic  tuffs. 
From  Manhpwi  the  main  line  continues  for  about  four  miles  over 

r: ,,,  .         T   . .        Plateau   Limestone,  and   then   enters   the  red Manhpwi  to  Lashio.        .     -.      .       .         .  .  T     .  ,  . 
beds,  leaving  them  again  near  lnai,  and  after 

passing  through  a  narrow  limestone  ridge,  enters  the  broad  valley 
in  which  Lashio  is  situated.  This  is  the  present  terminus  of  the 

railway ;  but  it  may  be  well  to  complete  the  account  of  the 
traverse  by  a  brief  description  of  the  country  between  Lashio  and  the 
Salween. 

From  Lashio  the  road  descends  over  a  gently  sloping,  undulat- 
,   , .       ,   „  ,  ing  plateau   to  the   Namyau,   about  5  miles Lashio  to  the  Salween.        .  i  i 

distant.    On  the  left  bank  close  to  the  crossing, 

o  springs.  a  large  hot  spring  is  situated  on  a  fissure  which 
may  be  traced  running  diagonally  across  the  river  to  the  north-east, 
its  course  being  indicated  by  the  bubbling  up  of  the  hot  water  in  the 
river  bed.    Just  above  the  crossing  the  red  beds  again  come  in, 

striking    across  the  valley  in  the  same  direction.     On  the  north 
bank  of  the  river  we  at  once  enter  upon  the  late   Tertiary  silts  of 

the   Lashio  coal-field,  which   extend  along  the Lashio  coal-field.  ,  .        ,  r       .,  . 
road  for  about  15  miles,  resting  equally  on  the 

Namyau  beds  and  on  the  Plateau  Limestone.  They  may  be  recognised 

by  the  low,  mound-like,  grass-covered  hills,  separated  by  terraced  strips 
of  cultivated  ground  and  sluggish  streams,  into  which  they  are  worn. 

Beyond  the  coal-field  the  road  passes  for  several  miles  over  a  hilly 

tract  composed  of  a  broad  band  of  the  red  Namyau  beds,  a  continua  - 
tion of  the  band  which  is  seen  on  the  map  running  along  the  northern 

flanks  of  the  Loi  Len  range,  and  which  blocks  up  the  valley,  the 

river  forcing  a  passage  through  it  in  a  deep  gorge.  We  then  descend, 

into  another  broad  valley,  in  which  the  large  village  of  Mong- 

^  yaw  is  situated,  the  floor  of   which  is  entirely 
composed  of  the  Plateau  Limestone.  An 

oolitic  variety  of  this  rock,  which  crops  out  in  a  group  of  low 
hills  to  the  north  and  west  of  the  village, 

stones?minifCraI     HmC'    contains  minute  Foraminifera,  Endothyra,  Tex- tularia,  etc.,  which  may  be  seen  in  thin 
sections  of  the  rock  under  the  microscope  (Plate  12,  figs.  1,  2,  and 
Plate  13,  fig.  1). 
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To  the  south  of  the  valley  the  ground  rises  along  the  northern 
,  . ,  flanks  of  the  Loi  Len  range,  this  slope  being 
Loi  Len  range.  ,  .    ,      f  _ , 

composed  almost  entirely  01  the  Plateau  Lime- 
stone, which  also  forms  a  bold  craggy  hill,  known  as  Loi  Sakh, 

visible  to  the  south-east.  Along  the  crest  of  this  range  the  series 
of  lower  Palaeozoic  rocks  crops  out  in  a  narrow  band,  resting  upon 

the  Chaung-Magyi  quartzites  and  slates  which  form  the  whole  of 
the  southern  slopes.  The  Naungkangyi  beds  are  also  found  again  on 

the  northern  side  of  the  Mong-yaw  valley,  and  are  perhaps  brought 
up  by  a  fault,  but  the  geology  of  that  part  of  the  country  has 
not  yet  been  worked    out  in  detail. 

From  Mong-yaw  to    the    Salween    at    Hsopket  the  road  runs 

t    h  d         entirely    over  Plateau     Limestone,    and  the only  point  of  interest  worth  recording  is  that 
the  main  watershed  between  the  drainage  of  the  Irrawaddy  and 
that  of  the  Salween  is  crossed  about  five  miles  to  the  north-east 

of  the  village,  within  20  miles  of  the  latter  river.  The  descent 

to  the  Salween  at  this  place  is  gentle,  though  the  river  flows  in  a 
very  narrow  valley,  so  precipitous  on  either  side  that  the  railway 
engineers  have  not  been  able  to  find  a  practicable  route  along  it 
towards  the  Chinese  frontier. 



CHAPTER  XVI. 

HISTORICAL  SUMMARY. 

The   geological   history   of   the   Northern  Shan  States   may  be 
said    to    begin  with    the  Naungkangyi  period, 

Eastern      shore      of       h  fi    t  fc  '    ith    defmite    rec0rds  of Gondwana  land. 
passing  events  in  the  shape  of  fossils,  just  as 

the  history  of  a  nation,  as  opposed  to  tradition,  begins  with  its 
earliest  documents,  whether  in  the  shape  of  coins  and  writings,  or 
its  architecture.  At  the  same  time  it  may  be  allowable  to  put 
forward  one  or  two  conjectures  regarding  the  course  of  events  that 
preceded  the  opening  of  the  historical  period  in  this  region. 
Whether  we  accept  the  correlation  of  the  crystalline  limestones 
and  associated  gneisses,  etc.,  of  the  Ruby  Mines  district  with  the 
Dharwar  system,  or  refer  them  to  a  still  older  period,  we  may  suppose 
that  the  area  occupied  by  them  was  continuous,  in  very  early  times, 
with  the  great  Archaean  continent  which  covered  so  large  a  portion 

of  the  southern  hemisphere,  commonly  known  as  Gondwana  land,  and 

that  the  separation  of  the  fragment  of  this  continent  now  remaining 
visible  in  Burma  took  place  at  a  later  date.  Thus  the  series  of 
fossiliferous  strata  now  described  marks  one  section  of  the  eastern 

shore  of  that  continent.  We  have  evidence  also 

(1Ji,i';;;0rdovician  dem"    that  the  rocks  forming  this  old  land  had  been 
actively  denuded,  and  that  a  great  series  ol 

elastic  rocks  had  been  deposited  upon  the  crystalline  floor,  before 
definite  indications  of  the  presence  of  living  organisms  appeared  ; 
but  the  conditions  under  which  these  beds,  comprised  in  the  Tawng 
Peng  system,  were  accumulated,  whether  marine,  lacustrine,  or 
terrestrial,  are  quite  as  conjectural  as  those  under  which  the 

Vindhyan  system  of  the  Indian  Peninsula  was  formed.  And 

lastly,  we  know  that,  either  towards  (he  end  of  this  period  of 
deposition,  or  during  the  interval  of  upheaval  and  disturbance 

fchat  followed  it,  some  exhibition  of  explosive  volcanic  energy 
took  place,  resulting  in  the  emission  of  lavas  and  tuffs  of  an 
acid  type. 
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The  nature  of  the  oldest  of  the  fossiliferous  rocks  that  we  find 

deposited  upon   this   ancient    sea-floor  enable 
Conditions   antecedent    us  to  form  some  idea  of  the  conditions  that 

to  deposition  of    fossili-     .  .  t-iit  i  • 
ferous  strata.  immediately    preceded    the  dawn  of  the  his- 

torical period.  Wherever  they  are  exposed  in 
contact  with  the  older  rocks  they  contain  no  coarse  material  winch 

would  suggest  the  proximity  of  high  land,  but  consist  entirely  of 

fine  grained  sandy  marls  and  limestones,  such  as  would  be  accum- 
ulated on  the  sea  bottom  either  at  a  considerable  distance  from 

land,  or  on  a  coast  separated  from  the  hills  by  a  broad  stretch  of 
alluvial  plain.  The  conditions  may  in  fact  have  been  similar  to 

those  now  obtaining  in  the  country  surrounding  the  Bay  of  Bengal, 

where  a  broad  belt  of  low-lying  ground,  over  which  no  pebbles  or 
coarse  detritus  can  be  found,  intervenes  between  the  coast  and  the 

hills.  Again,  the  great  variation  in  the  thickness  of  the  oldest 

fossiliferous  strata,  the  lower  Naungkangyi  beds, — several  hundred 
feet  in  the  western  part  of  the  Shan  plateau  being  represented  by 

a  band  of  only  a  few  yards  in  thickness  in  the  Eastern  Ranges, — 
may  be  due  to  the  unevenness  of  the  floor  of  this  ancient  sea ; 

though  it  may  of  course  be  due  to  other  causes,  such  as  deficiency 
of  sedimentation  in  the  eastern  area,  or  to  partial  denudation  in 

later  times.  Taken  together  these  characteristics,— the  fineness  of 
the  sediments  and  their  variation  in  thickness, — seem  to  show  that 
the  old  land,  before  being  submerged,  had  been  worn  down  to  a 
peneplain  but  little  raised  above  the  sea  level  of  that  time ;  and 
that  when  submergence  took  place,  the  sea  swept  over  a  very 

large  area,  in  such  a  manner  that  the  new  coast  line  was  situated 

at  a  considerable  distance  from  that  portion  of  the  sea-floor  on 
which  the  fine  grained  beds  that  now  exist  were  deposited. 

The  sequence  of  events,  supposing  that  the  Chaung-Magyi 
rocks  are  the  remains  of  ancient  deltaic  deposits,  thrown  into 
folds  and  denuded  before  the  deposition  of  the  Naungkangyis, 

might  perhaps  be  compared  with  what  would  happen  if  the  Pliocene 
beds  of  the  Arakan  Yoma,  wliich  are  evidently  the  deltaic  deposits 

of  a  great  river  formerly  issuing  from  the  Himalaya  to  the  north, 
thrown  into  a  series  of  compressed  folds,  were  planed  down  to 
sea  level  and  submerged  by  the  waters  of  the  Bay.  Sands  and 

mud  would  be  deposited  upon  heir  edges,  necessarily  fine-grained 
because  the  nearest  hills,  the  Assam  range  and  the  edge  of  the 
Shan  plateau,  which  would  form  the  new  coast  line,  would  lie  at  a 



HISTORICAL  SUMMARY.  349 

considerable  distance,  while  the  thickness  of  the  deposits  would 

correspond  to  the  irregularities  of  the  sea-bottom.  And  as  these 
Pliocene  rocks  contain,  so  far  as  is  known,  few  organic  remains, 
we  should  find  it  difficult  to  learn,  supposing  that  a  fresh  upheaval 

brought  the  whole  series  above  water,  what  interval  of  time  had 
elapsed  between  the  deposition  of  the  highly  inclined  fluviatile 
strata  below  and  the  marine  beds  resting  upon  them. 

The  conditions  that  prevailed  at  this  time  in  the  Shan  States 

appear  to  resemble  very  closely    those  which 

N«SSSrtSina  With  are  described  by  Bai%  Willisl  as  obtaining in  north-eastern  China  at  the  beginning  of 
the  Sinian  period.  He  thinks  that  the  older  rocks,  represented  by 

the  crystalline  Archeeans  and  the  Hu-t'o  system,  the  latter  of  which 
appears  to  correspond  rather  closely  with  the  Chaung-Magyi  series, 
had  been  reduced  by  subaerial  denudation  to  a  peneplain,  and — 

"  that  the  lowest  strata  of  the  Man-t'o  (lower  Cambrian)  formation  were 
laid  down  in  the  shallows,  lagoons,  and  flood-plains  of  a  very  low,  flat  coast, 
where  weak  waves,  feeble  shore  currents,  and  rivers  interacted." 

Regarding  the  actual  contours  of  the  eastern  coast  of  Gond- 
wana  land  but  little  can  be  said  at  present. 

YunnlTplnLwL™^''  We  know  that  the  ancient  crystalline  rocks of  the  Shan  States  extend  northwards  towards 

the  head  waters  of  the  Irrawaddy,  where  they  are  connected  in  some 
way,  as  yet  not  fully  understood,  with  those  forming  the  main 
axis  of  the  Himalaya  ;  and  that  to  the  east  of  them,  in  Yunnan,  a 

sequence  of  fossiliferous  rocks  is  found,  comparable  with  that  of 
the  Shan  States  ;  but  unfortunately  we  know  very  little  of  the  country 
between  the  Irrawaddy  and  the  Brahmaputra.  All  we  do  know 
is  that  metamorphic  rocks  extend  for  a  long  distance  to  the 

north-east  of  Assam,  the  Miju  Ranges  of  Dr.  Maclaren.2  And  it 
seems  probable  that  these  rocks  may  have  constituted  from 

the  earliest  ages  a  prolongation  to  the  north-east  of  the  Gondwana 

continent,  cutting  off  the  basin  of  the  southern  '  Tethys,  '  which 
washed  the  northern  shores  of  that  continent,  from  the  an- 

cient Chinese  ocean,  of  which  the  Yunnan  and  Shan  seas 

formed  a  part.  In  this  way  I  would  account  for  the  marked 

discrepancy  that  exists,  until  we  arrive  at  the  Permo-Carbonifcrous 
epoch,  between  the  faunas  of  the  Himalaya  and  of  the  Shan  States, 

1  Research  in  China,  Vol.  II,  p.  32. 
2  Geology  of  Upper  Assam  ;  Record',;  Geol.  Surv.  hid.,  Vol.  3$XXI,  Pt.  2,  p.  181. 
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and  the  equally  well  marked  affinities  of  the  latter  with  the  faunas 

of  northern  Europe.  Even  in  Permo-Carboniferous  times  it  does 
not  appear  to  be  necessary  to  suppose  that  this  barrier  was  sub- 

merged, as  I  shall  attempt  to  show  later  on  ;  and  indeed  it  is 
possible  that,  in  common  with  the  rocks  of  the  greater  part  of  the 
Indian  Peninsula,  this  tract  has  never  been  submerged  beneath  the 

sea,  since  the  pre-Cambrian  era.  Wedged  in  between  the  fields  of 
action  of  two  of  the  principal  lines  of  thrust,  one  from  the  north  and 
the  other  from  the  east,  it  appears  to  have  retained  its  position  during 

the  whole  course  of  geological  history.  The  existence  of  a  per- 
manent land  area  to  the  north  of  Burma  would  also,  I  think,  ac- 

_  ,  count  for  the  peculiar  features  exhibited  by 
Course  of  the  balween.  ,  A the  course  01  the  fealween.  Jbor  it  that  river 

is,  as  I  have  suggested,  of  earlier  origin  than  the  Mekhong  and  the 
Irrawaddy,  as  the  comparative  depth  of  its  valley  seems  to  indicate, 
it  may  be  comparable  in  antiquity  with  the  larger  rivers  of  the 

Indian  Peninsula  ;  and  if  so,  continental  conditions  must  have  pre- 
vailed along  its  course  for  an  immensely  long  period  of  time. 

The  Mekhong,  the  Irrawaddy  with  its  tributaries,  the  Myitnge  and 
the  Shweli,  and  the  real  Brahmaputra,  that  is  to  say  the  portion 

of  it  which  lies  above  Sadiya  in  Assam,  are  busily  engaged  in  cut- 
ting back  into  the  old  land,  and  have  deprived  the  Salween  of  most 

of  its  tributaries.  And  the  reason  that  it  still  survives  as  an  in- 

dependent river  is  that  these  more  modern  rivers  have  not  yet  been 

able  to  cut  down  to  its  level  or  succeeded  in  '  beheading  '  it. 

Turning  to  the  south-east  and  south  we  are  even  more  ignorant 
of  the  trend  of  the  Ordovician  coast  line,  for 

Southern  extension  of    .     th&t   directj        g0   far   as   j   am   awar  nQ coast  line.  m  m  ' 
fossiliferous  rocks  of  earlier  age  than  the 

Plateau  Limestone  are  known  to  occur,  until  we  reach  Australia, 

which,  it  is  well  known,  formed  a  part  of  the  Gondwana  continent  : 

but  it  probably  coincided  more  or  less  closely  with  the  line  of  the 

Malay  Peninsula  and  of  the  Archipelago. 

In  Ordovician  times  then  we  may  suppose  that  the  sediments 

were  deposited  in  a  tranquil  and  rather  shallow 
Emergence  in  Silurian  ^    &n    uneven    fl  d    thege  CQndi_ times.  '  '  . 

tions  seem  to  have  lasted  until  the  Namhsim 

stage.     At   this   time   there  may   have   been  an  emergence  of  the 
coast  line  to  the  north,  causing  an  influx  of  sandy  sediment.  For 

these  sandstones  are  confined  to  the  northern  portion  of  cur  area 
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and  are  either  much  attenuated,  or  absent,  beneath  the  Plateau 
Limestone  further  to  the  south,  wherever  the  base  of  the  latter  is 

exposed.  The  occasional  presence  of  boulder  conglomerates  and 
coarse  grits  at  the  base  of  this  formation  also  indicates  the  proximity 
of  a  coast ;  and  in  one  case  at  least,  on  the  spur  above  Aunglok, 

the  boulders  have  all  the  appearance  of  shingle  thrown  up  on  a  sea 
beach.  Further  out  to  sea  deposition  seems  to  have  taken  place  very 

slowly  at  this  time,  and  it  is  possible  that  some  portion  of  the 
marls  that  overlie  the  Llandovery  graptolite  band  in  the  Eastern 

Ranges  were  contemporaneous  with  the  sandstones  of  the  coast. 
Towards  the  close  of  this  stage  the  sea  appears  to  have  advanced 

northwards  again,  for  thin  deposits  of  marl  are  found  overlying  the 

sandstones,  up  to  the  edges  of  the  plateau. 
The  evidence  as  to  whether  any  considerable  disturbance  of  the 

strata  already  deposited  took  place  at  the  end 
Unconformity  between  f  th  Namhgim  stage  ig  somewnat  conflicting. Silurian  and  Devonian.  _  B  . 

It  is  clear  that  in  some  places  the 

Nyaungbaw  Limestones  had  been  tilted  and  eroded  before  the 
Zebingyi  beds  were  laid  down  across  their  edges,  but  in  other 

places  the  sequence  appears  to  be  perfectly  conformable.  This 
appearance  of  conformability,  however,  may  be  deceptive,  for  the 
Namhsim  sandstones  are  exposed  almost  invariably  only  along  the 
faces  of  precipitous  scarps,  and  it  is  impossible  to  say  whether  they 
had  been  tilted  before  the  Plateau  Limestones  were  laid  down  upon 
them  or  not.  It  is  pretty  certain,  however,  that  the  latter  were 
accumulated  in  a  gradually  deepening  and  widening  sea,  for  they 
overlap  everything  beneath  them  ;  and  it  seems  quite  possible  that, 

during  the  earlier  stages  of  the  movements  that  caused  this  depres- 
sion, portions  of  the  older  sea-floor  were  raised  above  the  water  level 

and  exposed  to  denudation.  The  Zebingyi  beds,  which  are  extremely 
local  in  development  and  variable  in  thickness,  may  have  been 

deposited  in  a  lagoon  or  swamp  bordering  upon  one  of  these 
raised  areas  ;  for  they  contain  a  good  deal  of  carbonaceous  as 
well  as  calcareous  matter,  and  have  all  the  appearance  of  muds 
accumulated  in  shallow  basins  of  no  great  extent. 

The  movements  that  ushered  in  the  deposition  of  the  Plateau 

Limestone   seem   to   have  been   of  great  im- 
Easterly  continuation   portance  in  the  history  of  Gondwanaland,  for of  lndo-(iangetic  deprcs-      ,  .  .        *  _ 
sion.  they  may  have   been  the  first  symptoms,  in 

the  Indian  region,  of  that  break  up  of  the  old 

continent  which  was  destined,  to  modify  so  profoundly  the  distribu. 
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tion  of  sea  and  land  in  the  southern  hemisphere  in  more  recent 

times.  If  we  look  at  a  geological  map  of  India  and  Burma,  we  see 
that  the  portion  of  the  Shan  States  that  we  are  now  dealing  with  is 
in  a  direct  line  with  the  great  depression  that  extends  from  W.N.W. 
to  E.S.E.  across  the  northern  end  of  the  Indian  Peninsula,  from  the 

Indus,  at  the  point  where  it  breaks  through  the  Salt  Range  in  the 

Punjab,  to  the  southern  flanks  of  the  Assam  Range.  If  we  produce 
this  line,  which  corresponds  with  the  direction  of  the  Himalayan 

'  foredeep '  (Vor-tiefe)i  across  the  Chin-Lushai  Hills  and  Upper 
Burma,  which  are  entirely  occupied  by  deposits  of  Tertiary  and  Recent 

age,  we  find  that  it  meets  the  western  scarp  of  the  Shan  plateau 
at  the  only  point  where  the  Plateau  Limestone  breaks  through  the 
barrier  of  Archaean  rocks,  which  otherwise  extends  in  an  unbroken 

belt  from  the  head  of  the  Irrawaddy  north  of  Bhamo  to  the  sea  at 
Moulmein.  Moreover,  the  manner  in  which  the  Plateau  Limestone 

disappears  beneath  the  alluvium  of  the  Irrawaddy  is  no  less  significant. 
There  is  no  diminution  of  the  thickness  of  this  formation  as  it 

approaches  the  plains,  but  layer  after  layer  of  massive  limestone 
plunges  out  of  sight  until  we  reach  the  highest  beds  of  the  series, 
with  Fusulina,  at  Tonbo.  It  is  evident,  therefore,  that  the  full 
thickness  of  the  formation  is  present  here,  and  that  its  actual 

westerly  limit  does  not  mark  the  original  edge  of  the  basin  in 
which  it  was  accumulated. 

Immediately  in  front  of  the  scarp,  however,  in  the  plains  inter- 
vening between  it  and  the  Irrawaddy  and  on 

Archaean  rocks  in  Ir-    the  western  bank  of  that  river,  we  'find  that rawaddy  valley. 
the  only  rocks  protruding  from  the  alluvium 

are  portions  of  the  Archaean  floor,  among  which  there  is  no  trace  of 
Palaeozoic  rocks,  and  this  fact  seems  at  first  sight  a  serious  obstacle 

to  the  supposition  that  the  Carboniferous  sea  was  prolonged  west- 
wards. 

But  it  is  to  be  observed  that  these  ancient  rocks  were  brought 
to  the  surface  in  upper  Tertiary  times,  since 

Origin    <>f   western     Qn  the  western   side  they   are  in  continuous scarps  ol  plateau.  .  J 
contact  with  sandstones  of  that  age.  In  fact, 

it  is  evident  that  the  whole  length  of  the  western  edge  of  the 
Shan  plateau  is  a  fault  scarp,  due  to  a  great  fault  which,  in  the 
portion  we  are  dealing  with,  is  duplicated,  one  branch  following 
the  edge  of  the  alluvium  east  of   the  Irrawaddy,  while  the  other 

l  Das  Antlitz  der  Erde,  Vol.  Ill,  Pt.  2,  pp.  3;$5,  581. 
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crosses  the  river  below  Mandalay  and  divides  the  range  of  hills 
mentioned  above  from  the  plains  of  Sagaing  and  Shwebo.  This 

range  is  so  narrow,  and  in  common  with  the  isolated  knolls  rising 
from  the  alluvium  on  the  eastern  bank  has  been  so  deeply  eroded 
in  recent  times,  that  it  is  not  surprising  that  no  vestiges  of  the 
Palaeozoic  limestones  now  remain. 

Following  the  line  to  the  north  of  west,  across  the  plains  of 

,    Upper  Burma  and  the  Chin-Lushai  Hills,  and 
Himalayan  '  foredeeps.      .       .        .       .  ,       .  . leaving  the  Assam  Range  to  the  right,  we  meet 

with  no  rocks  whatever  that  we  know  to  be  of  earlier  than  Ter- 

tiary age  until  we  reach  the  Punjab  Salt  Range,  a  distance  of  over 

1,600  miles.  This  depression  is  the  Himalayan  '  foredeep,'  already 
alluded  to,  now  filled  with  fluviatile  deposits.  No  borings  that 
have  yet  been  made  have  penetrated  to  the  floor  of  this  depression, 
and  in  only  three  instances  can  we  obtain  any  knowledge  of  the  strata 

h  S  It  R  ^ia^  ma^  underlie  the  alluvium  and  Tertiary 
deposits.  One  of  these  is  the  Salt  Range  it- 

self, where  a  succession  of  strata  extending  from  the  Carboniferous 

to  late  Tertiary  has  been  brought  up  by  a  fault  or  series  of 
faults,  following  the  line  of  the  southern  scarp,  which  cannot  be 
of  earlier  date  than  the  deposition  of  the  upper  Siwaliks.  Only 

40  miles  to  the  south  of  this  fault-scarp,  in  the  Kirana  Hills  on 
the  Chenab,  the  ancient  rocks  of  the  Indian  Peninsula  appear,  prov- 

ing that  there  is  no  inherent  difficulty  in  supposing  that  marine 
strata  of  the  age  of  those  exposed  in  the  Salt  Range  may  not  be 
concealed  beneath  the  Ganges  alluvium  at  equally  short  distances 
from  its  southern  edge,  further  to  the  east. 

The  second  instance  is  that  of  the  Assam  Range,  along  the 
„,,    ,  southern  edge  of  which  there  also  runs  a  sharp 
J  ho  Assam  Range.  .        °  L dislocation.  Here  the  oldest  fossihferous  beds 

that  are  brought  to  light  are  of  Cretaceous  age,  but  a  great  thick- 

ness of  bedded  traps,  supposed  to  be  the  equivalents  of  the  Raj- 
mahal  traps  south  of  the  Ganges,  and  of  Jurassic  age,  have  also 
been  involved  in  the  upheaval.  These  are  followed  by  limestones 
and  sandstones  of  Tertiary  age,  showing  that  here  also  the  disloca- 

tion took  place  in  late  Tertiary  or  more  recent  times.  There  are 

no  Carboniferous  or  early  Mesozoic  beds  to  be  seen  here,  it  is 

true,  but  the  sedimentary  strata  occupy  a  narrow  strip  along  the 
southern  slope  of  the  range,  and  extend  to  no  great  distance 
across  the  plateau  beyond  ;  while  the  composition  of  the  Cretaceous 2  a 
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beds  and  the  manner  of  their  deposition  show  that  they  were 

laid  down  on  the  very  edge  of  the  depression, l  and  it  doe3  not 

follow  that  older  marine  strata  may  not  exist  beneath  the  allu- 
vium further  to    the  south. 

The  third  instance  of  a  recent  exposure  of  the  old  sea-floor  is  of 
a  somewhat  different  character,  but  it  lends, Asakau  loma.  T 
i  think,  some  support  to  my  suggestion  that 

the  break  up  of  this  portion  of  the  Gondwana  continent  began  at 
about  this  period.,  and  throw3  some  light  on  the  manner  in  which 

,  ,  the  movements  originated.     It  has  long  been Uriiissic  beds 
known  that  rocks  of  Triassic  age  exist  among 

the  parallel  ranges  of  hills  that  constitute  the  Arakan  Yoma  in 
Lower  Burma,  and  that  they  are  associated  with  upper  Cretaceous 
beds  (Maestrichtian),  with  Cariita  Beaumontir  The  Triassic  beds 

contain  the  well  known  Himalayan  genus  Halobia,  and  the  species 

found  was  identified  by  Stoliczka  as  H.  Lommeli,3  but  is  probably 
distinct.  It,  is,  however,  associated  with  a  species  of  Avicula 
allied  to  A.  (?)  Girthiana  Bittner,  also  a  Himalayan  type,  and  thus 
indicates  a  somewhat  close  connection  between  this  area  and  the 

southern  shore  of  the  '  Tethys  '  in  Triassic  times  at  least.  No  rocks 
older  than  these  have  been  met  with  among  these  hills,  but  there 
is  no  reason  why  Carboniferous  or  Permian  strata  should  not  exist  at 

,    ,  greater  depths  below  the  surface.     Here  again 
Burmese    foredeeps.        °  f-  .  »  » 

we  have  brought  to  light  the  floor  ot  a  de- 
pression that  was  certainly  in  existence  in  Triassic  times,  but  this 

depression  was  evidently  at  right  angles  to  that  of  the  Ganges 

valley.  It  is,  in  fact,  the  '  foredeep  '  corresponding  to  the  Burman 
arc  of  elevation,  just  as  that  of  the  Ganges  valley  corresponds 
to  the  Tibetan  or  Himalayan  arc.  The  subsequent  history  of  the 

depressions  has  many  points  in  common  :  both  have  been  filled  up, 
that  of  the  Ganges  entirely,  and  that  of  Burma  partly,  by  Tertiary 
and  recent  deposits  ;  but  the  advance  of  the  respective  earth  thrusts 
has  resulted,  in  the  former  case  in  the    folding  of  the  Siwaliks 

3  H.  B.  Medlicott,  Geological  Sketch  of  the  Shillong  Plateau  ;  Memoirs,  Geol.  Surv. 
Ind.,  Vol.  VII,  Pt.  3,  p.  168  :  Mr.  Medlicott  also  suggests  (Coal  in  the  Garo  Hills  ;  Records, 
Geol.  Surv.  Ind.,  Vol.  VII,  Pt.  2,  p.  62)  that  the  Cretaceous  coal  measures  of  the  Garo 
Hills  were  deposited  in  pre-existing  valleys,  in  which  case  this  side  of  the  depression 
must  have  been  above  water  till  the  end  of  the  Mesozoic  epoch. 

2  W.  Theobald,  Geology  of  Pegu  ;  Memoirs,  Geol.  Surv.  hid.,  Vol.  X.  Pt.  2,  pp.  127-137: 
G.  H.  Tipper,  Preliminary  Note  on  the  Trias  of  Lower  Burma  ;  Records,  Geol.  Surv.  Ind., 
Vol.  XXXIV,  Pt.  2,  p.  134:  Further  Note  on  the  Trias  of  Lower  Burma;  Ibid,  Vol, 
XXXV,  Pt.  2,  p.  119. 

1  Theobald,  Op.  cit.,  p.  135. 
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along  the  edge  of  the  hollow,  and  in  the  latter  case  in  the  folding 
of  strata  of  similar  age  along  its  centre  ;  but  I  will  return  to  the 
consideration  of  this  matter  later  on  (p.  357). 

If  the  formation  of  these  depressions  was  in  progress  during  the 
Carboniferous  period,  they  would  account  fo 

Possible    se3i  connec- 
tion  with  Salt  Range  the  replacement  of  the  purely  European 
in  Permo -Carboniferous    faUna  of  Padaukpin,    and  of  the  stages  which 

preceded  it,  by  the  Middle  Productus  fauna  of 
the  Salt  Range  and  Himalaya  that  we  find  in  the  Shan  States  at 
the  close  of  that  period.  But,  as  soon  as  these  limestones  had 

been  deposited,  there  was  either  a  pause  in  the  submergence  or, 

more  probably,  the  eastern    or  Burmese  thrust  predominated  for  a 
time  over  that    from  the  north,  and  an  eleva- Tnassic  unconformity.        .  „     .  .  ,      .       .      .  . tion  oi  the  Shan  area  above  the  level  ot  the 

sea  took  place.  This  wa&  perhaps  merely  sufficient  to  allow  the 
surface  of  the  limestone  to  hi  worn  into  hills  and  hollows, 

but  it  kept  the  surface  above  water  for  a  considerable  period, 
through  Permian  and  Triassic  times. 

At  the   end   of  this  period  of  emergence  the  surface  of  the 

Rh  tic  submergence      limestone  was  again   covered  by  the  
waters 

of  the  sea,  and  the  Rheetic  shales  and  lime- 
stones were  accumulated  on  the  uneven  floor  into  which  it  had  been 

worn.  This  submergence  seems  to  have  been  quite  local,  and  at 

the  same  time  the  old  land  surface  to  the  north-east  may  have 
been  gradually  rising,  with  a  consequent  advance  southwards  of 
the  coast  line,  until  the  sandy  sediment  derived  from  it  was 
swept  down  and  formed  the    red  beds  of    the   Nsimyau  series. 

Advanc-      f  Continental  conditions   had  prevailed  through- 
nental  conditions.  out  Central  China  and  Yunnan  during  Permian 

and  Triassic  times,  resulting  in  the  accumula- 

tion of  the  red  coal-bearing  system  of  Sze-chuan  ;l  and  these 
conditions  now  invaded  our  area,  so  that  before  the  close  of  the 

Jurassic  period,  we  find  a  great  series  of  red  sandstones  and  shales, 
with  carbonaceous  layers  and  plant  beds,  spread  over  the  whole 

of  the  eastern  border  of  Condwana  land,  from  North-eastern  China' 
to  the  Southern  Shan  States.  The  connection  that  I  have  supposed 

to  exist  with  the  southern  '  Tethys  '  must  have  been  of  very  short 
duration,  for  none  of  the  Jurassic  ammonites  of  the  Himalaya  has 

l  Bailey  Willis,  Research  in  China,  Vol,  II,  Chap.  VI. %  A  % 
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been  found  in  the  limestone  bands  interbedded  with  the  Namyau 
sandstones. 

The  geological  history  of  the  Shan  States,  so  far  as  deposition 

Perm  uient  c      'cn       under  marine   conditions   is    concerned,  
ends 

with  the  accumulation  of  these  red  beds.  In 

common  with  the  whole  of  China  as  yet  explored,  no  rocks  of 

Cretaceous  age  have  been  met  with,1  and  the  subsequent  history 
is  one  of  elevation  above  the  sea  level  and  degradation.  The 

nearest  examples  of  deposition  at  this  period  are  to  be  found 
in  the  Arakan  Yoma  and  along  the  southern  flanks  of  the  Assam 

Range,  where  the  work  of  filling  up  the  Burman  and  Himalayan 

'  foredeeps  '  was  actively  in  progress  ;  and  where  beds  of  this  age 
are  followed  by  the  Nummulitic  limestones  and  higher  Tertiary 

strata  of  Assam,  the  Irrawaddy  valley,  and  the  Chin-Lushai  ranges. 
But  no  trace  of  any  of  them  has  been  found  to  the  east  of  the 

scrap  of  the  Shan  plateau. 
At  what  precise  period   the  elevatory  forces   manifested  their 

P  riod  of  emer<*  nee       greatest  degree   of   activity,   that  is   
to  say, 

when  the  extreme  folding  and  crushing  of  the 
rocks  took  place,  is  somewhat  uncertain.  It  seems  to  have  been 
either  anterior  to  that  of  the  Himalaya,  or  to  have  proceeded  for  a 

time  more  rapidly,  for  strata  of  nummulitic  age  are  known  to  occur 

on  some  of  the  higher  peaks  of  the  latter  range,2  and  Suess  remarks3 
that  the  Burmese  arc  of  folding  preceded  that  of  the  Himalaya.  But 
for  the  most  part  these  great  thrust  movements,  the  one  acting  from 

the  north  and  the  other  from  the  east,  must  have  proceeded  simul- 
taneously, and  there  is  a  considerable  analogy  between    the  final 

results  attained  in  each  case,  though  they  are 

^^»arison    between    0f  very  different  orders  of    magnitude.  On 
mese  arcs  of  folding.         the  Burmese  side  we  have  the   Shan  plateau 

corresponding,  but  at  a  much  lower  elevation, 
with  the  Tibetan  plateau,  both  of  them  the  elevated  floor  of 
an  ancient  ocean,  now  undergoing  abrasion  and  reduction  to 

a  peneplain.  The  outer  edge  of  each  plateau  is  bounded  by  what 
is  virtually  a  scarp ;  and  though  it  may  seem  almost  absurd  to 

compare  the  mighty  chains  of  the  Himalaya  with  the  insignificant 
fringe  of  Archaean     and   Palaeozoic  rocks   that  borders    the  Shan 

1  Bailey  Willis,  Research  in  China,  Vol.  II,  Chap.  VI,  p.  95. 
2  T.  D.  La  Touche,  Re-discovcry  of  Nummulites  in  Zanskar  ;  Records,  Gecl.  Surv. 

Ind.,  Vol.  XXI,  Pt.  4,  p.  100. 
3  Das  Antlitz  der  Erde,  Vol.  Ill,  Pt.  2,  p.  579. 
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plateau,  they  certainly  seem  to  bear  some  likeness  to  each  other  from  a 
geological,  if  not  from  a  physical  and  spectacular  point  of  view.  Both 
are  composed,  speaking  generally,  of  rocks  older  than  those  of  the 
plateau  beyond,  and  in  both  cases  the  main  rivers,  gathering  on  the 
uplands,  break  across  the  strike  of  the  rocks  through  profound  gorges. 
In  each  case  the  zone  of  older  rocks  is  bounded  by  a  great  fault, 

or  series  of  faults,  forming  the  inner  edge  of  the  '  foredeep'  that 
separates  them  from  the  '  foreland  '  of  the  continent  beyond.  In 
front  of  this  again  we  have  a  zone  of  Tertiary  strata,  thrown  into 
folds  and  greatly  dislocated  by  faults,  in  the  one  case  occupied  by 
the  Tertiary  series  of  the  Irrawaddy  valley,  and  in  the  other  by 

the  Siwalik  strata  of  the  sub-Himalaya  and  by  the  '  Duns,'  those 
wide  valleys  which  separate  the  sub-Himalaya  from  the  Siwalik 
ranges.  These  ranges  are  represented  in  the  Burmese  area  by  the 
Arakan  Yoma,  prolonged  to  the  north  into  the  parallel  folds  of  the 

Chin-Lushai  Hills  and  the  Patkoi  range  of  Assam,  and  here  the  order  of 
magnitude  is  reversed,  for  in  Burma  these  ranges  attain  to  a  far 
greater  altitude  than  in  Northern  India.  Finally,  we  have  in  front  of 

these,  on  the  one  hand  the  broad  Indo-Gangetic  valley,  and  on  the 
other  the  Bay  of  Bengal  and  the  swamps  of  Sylhet  and  Cachar, 
the  former  completely,  and  the  latter  partially,  filled  with  recent 
alluvial  deposits. 

The  results  of  the    compressive  forces  that    affected  the  Shan 
_i.     ..       , .        plateau  may  be  considered  under  two  distinct 

Tertiary  diastrophism.     f  J 
heads  :  (1),  the  production  of  more  or  less  reg- 

ular folds,  accompanied  by  overthrust  or  reversed  faults  parallel 
to  the  strike  of  the  folds,  and  (ii),  vertical  faults  due  to  the  sagging 
down  of  the  underlying  Archaean  floor  under  the  influence  of 
gravity.  These  latter  faults  bear  no  relation  to  the  direction  of  the 

strike  of  the  rocks,  but  follow  straight  or  slightly  curved  lines 
for  considerable  distances  and  are  often  at  right  angles  to  each 
other,  while  they  are  frequently  visible  at  the  surface  as  long 
lines  of  vertical  scarp. 

The  first  type  of  dislocation  seems  to  have  preceded  the  second' 
for  the  folds  into  which  the  rocks  are  thrown,  especially  among  the 
Eastern  Ranges,  are  broken  up  by  faults  which  cut  directly  across 
the  undulations  of  the  strata  ;  but  it  also  appears  to  have  persisted 
to  a  epiite  recent  period,  geologically  speaking,  though  to  a  very  feeble 
degree  in  later  times,  for  the  silts  of  the  late  Tertiary  coal-basins 
are  distinctly  tilted  in  places  (Plate  1G). 
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(i)  Folds  and  Associated  Faults. 

The  folding  of  the  rocks  is  most  conspicuous  among  the  older 
Palaeozoic  strata,  the  massive  character  of  the 

plE?™     SCarP    °£    Plateau  Limestone  having  masked  its  effects  to some  extent  and  compelled  this  rock  to  yield  by 

fracture  rather  than  by  folding,  as  I  have  already  pointed  out  (p.  194). 
Along  the  western  edge  of  the  plateau,  although  the  Ngwetaung 
sandstones  and  the  Naungkangyi  shales  and  limestones  are  thrown, 

wherever  they  appear  from  beneath  the  Plateau  Limestone,  into  north 
and  south  folds,  and  the  latter  itself  is  bent  over  them,  the  chief 

energy  of  the  thrust  seems  to  have  been  expended  in  the  produc- 

B     (j  r  f  it         ̂ on  °^  ̂ e  series  °f  parallel  faults  to  which allusion  has  already  been  made  (p.  352).  The 
outermost  of  these  is  that  which  bounds  the  Irrawaddy  plain,  and 
has  brought  up  the  narrow  belt  of  Archaean  rocks  along  the  river 

T  "bo  fault  opposite  Mandalay.     The  second,  probably  
a 

branch  of  this,  cuts  off  the  Plateaa  Limestone 

abruptly  at  the  foot  of  the  hills  east  of  Mandalay,  and  brings  it 
against  the  Archaean  rocks  forming  the  isolated  knolls  dotted  about 

f   ]t  the  alluvial  plain.     A  third  runs  due  north and  south  at  the  back  of  the  hill  at  Sedaw, 

and  brings  the  Naungkangyi  beds  against  the  Plateau  Limestone. 
This  fault  has  been  traced  to  the  north  into  the  valley  of  the 

Kyetmaok,  a  tributary  of  the  Chaung-Magyi,  where  it  seems  to  die 
away,  the  Plateau  Limestone  being  found  on  both  sides  of  it,  and 

•  f   ]t  southwards  to  the  gorge  of  the  Myitnge.  It is  followed  by  a  minor  fault  to  the  west  of 

the  Zebingyi  scarp,  which  has  not  been  traced  northwards  beyond 
the  Sedaw  gorge,  but  another  fault,  rather  more  to  the  east,  extends 

.  from  near  Kyauktin  (B  4)  down  to  the  Chaung- 
i  Chaung  Magyi  au  t.  Magyi  at  Sagabin,  and  is  probably  continued 
up  the  valley  of  that  river,  bringing  the  Chaung-Magyi  series  into 
contact  with  the  Mogok  gneiss.  This  fault  may  be  connected  with 

the  Zslingyi  fault,  but  the  intervening  ground  is  so  densely  covered 
with  vegetation  that  the  connection  could  not  be  verified.  The 
Zebingyi  fault  passes  to  the  south,  through  Nyaungbaw,  where  it 
brings  the  red  Nyaungbaw  limestone  against  the  Plateau  Limestone, 
into  the  gorge  of  the  Myitnge. 
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The  next  dislocation  is  the  folded    zone   of    Nyaungbaw  lime- 
stones to  the  east  of  Zebingvi,  which  forms  the 

Pyintha  flexure.  „     ,       ,  ,  ,  .         ,   .  _,. 
final    step    up    to    the    mam    plateau.  The 

rocks  on  the  outer  (western)  flank  of  this  fold  form  a  steep  dip- 
slope  facing  west,  but  further  in  they  become  vertical,  as  may  be 

seen  where  they  have  been  eroded  in  the  ravines  below  Thon- 
daung ;  and  there  is  probably  a  fault  along  the  crest  of  the  ascent, 

though  the  eastern  limb  of  the  fold  cannot  be  seen,  as  it  is  con- 
cealed by  the  overlap  of  the  Plateau  Limestone. 

This  system  of  faults  appears  to  bear  a  close  resemblance,  in 
its  relations  to  the  gulf    of  Pegu,  with  which 

Dinaric  type  of  faults.  .  .         .    ,  T  nl  „ 
1  include  the  whole  of  the  lrrawaddy  valley 

south  of  Bhamo,  and  probably  the  Bay  of  Bengal  also  (for  the  separ- 
ation of  the  latter  from  the  gulf  of  Pegu  by  the  Arakan  Yoma 

was  effected  by  a  very  recent  upheaval),  to  the  Dinaric  system, 
or  fractures  of  the  Karst,  bordering  the  eastern  shores  of  the 

Adriatic.1  Prof.  Suess  indeed  himself  calls  attention2  to  the  simi- 
larity between  the  gulf  of  Pegu  and  the  eastern  basin  of  the  Medi- 

terannean  bordering  the  coast  of  Asia  Minor,  but  the  resemblance 
to  the  Adriatic  seems  to  me  to  be  still  more  striking. 

Beyond  this  rise  no  evidence  of  definite  lines  of  folding  can  be 

t  made  out, — though  the  rocks  are  seldom 
horizontal,— for  the  Plateau  Limestone  conceals 

everything  below  it,  except  at  the  edges  of  the  plateau,  where 
only  a  narrow  fringe  of  the  older  rocks  can  be  seen.  It  is  when 
we  turn  the  corner  of  the  ancient  land  area  lying  to  the  north,  and 

examine  its  eastern  aspect,  that  we  find  further  and  striking  evid- 
ence of  the  magnitude  of  the  thrust,  and  of  the  modification  of 

its  effects  produced  by  the  presence  of  this  unyielding  mass  of  rock, 

or  '  hoist.'  1  have  already  described  in  detail  the  great  over- 
thrust  fault  that  runs  parallel  to  the  Nam-Tu  from  Panghsa-pye 
to  the  north  (p.  136),  and  I  need  only  call  attention  to  the  fact 

that  this  dislocation  dies  away  immediately  opposite  to  the  point 

where  the  boundary  of  the  Chaung-Magyi  series,  that  is  to  say  the 
contour  of  the  old  land  surface,  bends  suddenly  from  a  general  north- 
south  direction  to  the  west. 

1  Das  Autlitz  dei  Eid*,  Vol.  J,  p.  344. 
*  Ibid,  p.  77 i. 



3(50    LA  TOUCHE:  GEOLOGX  OF  NORTHERN  SHAN  STATUS. 

To  the  east  of  the  Nam-Tu  we  have  abundant  evidence  of  the 
effects  of  this  form  of  dislocation.  The  red 

c^!dinS  °f  NamJau  beds  of  the  Jurassic  Nanrvan  series  are  thrown 
into  regular  folds  striking  from  N.N.E.  to 

S.S.W..  and  the  Plateau  Limestone  is  also  affected  in  the  same  way, 

so  that  we  have  a  more  or  less  regular  series  of  parallel  bands  of 
the  two  formations,  somewhat  modified  by  subsequent  faulting,  and 
partly  removed  by  denudation,  extending  along  the  valley  of  the 

Namyau  beyond  Lashio. 
In  the  Eastern  Ranges  the  dislocations  take  the  form  of  more 

or  less  elongated  domes,  usually  with  a  core 

Ran™1™*  °f  Eastern  of  the  more  ancient  rocks  that  constituted  the 
floor  of  the  Palaeozoic  sea.  There  is  a  con- 

siderable diversity  in  the  direction  of  their  longer  axes,  and  in 

their  shape  and  size,  evidently  due  to  the  presence  of  these  old 

rocks.  Thus  the  Loi-len  range,  and  those  to  the  north  of  it, 
beyond  the  limits  of  the  map,  trend  east  and  west,  but  with  a 

tendency  at  their  western  ends  to  swing  round  to  a  south-west 
direction.  The  longer  axis  of  the  dome-shaped  mass  of  Hwe  Mawng 
and  Silurian  strata  to  the  east  of  Loi  Ling,  on  the  contrary,  runs 
north  and  south  ;  and  this  is  also  the  direction  of  the  ranges 

east  of  Mong-Yai,  much  modified  by  faulting,  and  of  the  folds 
along  the  eastern  flanks  of  the  Loi  Pan — Loi  Twang  range.  The 
Loi-len  range  is  the  only  instance  in  which  the  Plateau  Limestone 
is  now  found  actually  arching  over  the  crown  of  the  dome.  In 
the  other  cases  it  has  been  entirely  denuded  away,  if  it  ever 
existed  as  a  continuous  sheet,  and  now  occupies  only  the  low 

ground  separating  one  range  from  another. 
The  outcrop  of  the  formations  concerned  thus  forms  a  series  of 

j_  j  oval    bands  in    plan,  broadest  in  the  centre 
where  the  maximum  elevation  has  taken  place 

and  the  old  sea  floor  is  brought  to  the  surface,  and  dying  away  at 
either  end.  In  some  cases  the  single  intense  fold  at  the  centre  breaks 

up  into  minor  undulations  towards  the  ends  of  the  dome.  An  instance 

of  tin's  structure  is  exhibited  by  the  eastern  end  of  the  Loi-len  range. 
At  the  western  end  of  tliis  range,  below  the  limestone  scarp  south 

of  Tileng,  the  Silurian  marls,  purple  shales,  and  Naungkangvi  beds 

appear  together,  forming  a  compressed  band  only  a  few  hundred 
yards  in  width.  Following  these  eastwards,  the  Chaung  Magyi  rocks 

appear  beneath  the  Naungkangyis,  and  quickly  widen  out,  forming 
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the  whole  of  the  southern  slopes  of  the  range  until,  to  the  south 

of  Loi-len  village,  they  have  attained  a  width  in  plan  of  nearly 
five  niilep  (Section  I,  Plate  24).  They  form  the  northern  limb  of 

a  great  overfold,  the  axis-plane  of  which  hades  southwards,  while 
the  southern  limb  has  been  let  down  by  a  fault  of  great  throw, 

bringing  the  Plateau  Limestone,  and  indeed  patches  of  the  over- 
lying red  Namyau  beds  against  the  slaty  series.  The  ribbon  of 

lower  Palaeozoic  rocks  mentioned  above  can  be  traced  continu- 
ously along  the  crest  of  the  range,  widening  out  slightly,  but 

greatly  crushed,  until  at  Loi-len  the  beds  are  inverted,  and  dip 
below  the  Chaung-Magyis.  But  further  to  the  east  their  outcrop 
increases  more  rapidly  in  width,  and  the  single  fold  opens  out  and 

is  doubled,  the  purple  beds  and  Naungkangyis  being  repeated 
twice  in  the  cross-section.  At  the  same  time  the  Plateau  Lime- 

stone mounts  up  the  southern  side  of  the  range,  and  bends  over 
the  crest,  conforming  to  the  undulations  of  the  beds  beneath, 
and  coalesces  with  the  band  which  covers  the  northern  flanks 

(Section  II,  Plate  24). 

The  structure  of  the    Loi  Pan — Loi  Twang  range  seems    to  be 
that  of  a  huge  dome  faulted  in  a  direction 

ran™  Pan—   1  TwanS    transverse  to  the  longer  axis  across  the  centre, so  that  the  southern  half  of  it  alone  is  now 

visible.  The  core  of  Chaung  Magyi  rocks  is  very  broad  at  the  northern 
end,  but  gradually  narrows,  until  to  the  south  of  Loi  Twang  it  dies 
away  altogether.  The  fossiliferous  Palaeozoic  rocks  along  the 
eastern  flanks  form  one  limb  of  an  immense  anticlinal  arch,  the 

western  limb  of  which  has  been  faulted  down  out  of  sight.  To  the 
north,  between  Mong  La  and  Pinghsai  (H  4),  the  belt  of  fossiliferous 
rocks  is  very  broad,  and  is  partly  repeated  by  a  minor  fold  on  the 

Nam-hen  ;  but  to  the  south  of  Pinghsai  it  becomes!  more  narrow 
and  compressed,  and  near  Hwe  Mawng  there  are  signs  of  inversion 

of  the  strata.  The  structure  along  the  eastern  side  of  the  ranges 
east  of  Mong  Yai,  in  the  valley  of  the  Nam  Pang,  is  precisely 
similar. 

(ii)  Subsidence  Faults. 

To  what  cause  the  vertical  faults  which  have  done  so  much  to 

.  diversify  the  scenery  of  the  plateau  must  be 
attributed  is  not  quite  clear.     In  their  mode 

of  occurrence,  especially  in  the  manner  in  which  they  are  repre- 
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sented  at  times  by  a  monoclinal  flexure,  as  in  the  case  of  the 

Kyaukkyan  scarp  described  below,  they  recall  the  system  of  vertical 

faults  on  the  plateau  of  Colorado  described  by  Gilbert1  and  Dut- 

ton,2  and  the}7  are  apparently  due  to  local  and  deep-seated  sub- 

sidences of  the  rocks  below  the  surface.3  The  fact  that  they 
follow  the  maximum  degree  of  tangential  folding  in  point  of  time 

seems  to  me  to  suggest  that  the  cause  of  the  subsidences  may 
have  been  an  easing  off  of  the  compressive  forces,  when  the 

reaction  might  have  resulted  in  the  production  of  a  certain 

amount  of  tensional  stress,  and  consequently  a  slight  opening  out, 
as  it  were,  of  the  folded  strata. 

The  effects  of  these  subsidences  are  usually  manifested  at  the 

surface  in  the  form  of  vertical  scarps  of  lime- 
au   sea  ps.  stone,  often  running  in  a  direct  line  for  sev- 

eral miles  across  the  plateau.     The  sagging  of  the  strata  on  one 

side  of  the  fissure  and  their  stability  on  the  other  are  well  exempli- 
fied in  the  case  of  the  great  Kyaukkyan  scarp 

Kyaukkyan  scarp.  ,  ,       ,         .  J  \ so  often  referred  to  m  these  pages.     A  short 

distance  to  the  north  of  the  point  where  it  is  crossed  by  the 

railway  at  Kyaukkyan  this  dislocation  is  hardly  perceptible  on  the 
Burface,  though  it  probably  continues  for  several  miles  to  the  north 

along  the  valley  of  the  Nam-panhse,  where  the  direction  of  the 
movement  appears  to  have  been  in  the  opposite  sense,  that  is  to 

say,  a  downthrow  on  the  eastern  side  of  the  fault,  from  what 

it  certainly  is  to  the  south.  Immediately  to  the  north  of  Kyauk- 
kyan the  dislocation  takes  the  form  of  a  monoclinal  roll  or  flexure 

in  the  limestone  of  the  plateau,  but  a  line  of  actual  fracture 

quickly  appears  near  the  crest  of  the  flexure,  as  may  be  seen  at 
the  point  where  the  railway  crosses  it.  Further  to  the  south  the 
crest  remains  perfectly  level,  backed  by  a  plateau  rising  very 
gradually  towards  the  edge  of  the  Gokteik  gorge,  but  the  flexure 
increases  in  importance,  while  at  the  same  time  the  fault  itself 

appears  as  a  line  of  vertical  cliffs  just  below  the  crest,  until  the 
differential  movement  becomes  so  great  that  the  older  Palaeozoic 
rocks  beneath  the  limestone  are  exposed  along  the  face  of  the 

scarp,  which  by  this  time  has  reached  a  height,  relative  to  the 
plateau  below,  of     some  3,000    feet.     Along  the  base    the  edges 

1  Geology  of  portions  of  Nevada,  etc.  ;  U.  S.  Geol.  Surveys  W.  of  100°  Meridian,  Vol. 
Ill,  pp.  48-57. 

2  Geology  of  the  High  Plateaus  of  Utah  ;  U.  S.  Geol.  Survey,  1880,  pp.  25-54. 
3  Das  Antlitz  dcr  Erde,  Vol.  I,  pp.  1C4-187. 
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of  the  Plateau  Limestone  are  seen  inclined  at  a  high  angle  or 
even  vertical,  but  the  strata  are  quickly  bent  into  an  almost 

horizontal  position,  and  between  the  base  of  the  scarp  and  Wetwin 
are  found  everywhere  with  a  moderate  inclination  towards  the  east. 

Several  other  scarps  of  this  kind  are  to  be  met  with  on  the 

-.if  plateau,  and  are  so  uniform  in  character  that 
mcipa    aut  scarps.         ̂ .^         ̂   necessary  to  describe  them  all. 

At  either  end  they  begin  with  an  almost  imperceptible  roll  in  the 
limestone,  followed,  as  the  subsidence  increases,  by  a  definite  break 

in  the  surface  and  a  wall  of  cliffs.  In  many  cases  rocks  of  dif- 
ferent formations  are  thus  brought  into  contact,  wherever  the  throw 

becomes  considerable ;  as  for  instance,  the  Wetwin  shales  at  the 

base  of  the  scarp  north  of  that  village ;  the  red  Namyau  sand- 
stones at  the  base  of  the  long  line  of  scarp  that  bounds  the  north- 

ern side  of  the  valley  between  Namhsim  and  Hsipaw ;  and  the 
same  rocks  at  the  base  of  the  scarp  that  runs  from  near  Onghkok 

(F  3)  on  the  Nam-Tu  below  Namhsim  to  Pongwo  (E  3)  (Plate  10). 
Of  a  similar  kind  is  the  fault  in  the  valley  of  the  Nam-Tu  between 

Htengnoi  and  Tong-ang,  which  has  brought  down  against  the 
Plateau  Limestone  and  preserved  a  wedge-shaped  mass  of  Napeng 
beds  and  the  red  sandstones  overlying  them. 

In  some  cases  the  line  of  the  fault  is  marked  by  a  series  of  hot 

or  tepid  springs.     Such  springs  occur  on  the Hot  springs.  .  .  .  piiiir eastern  and.  southern  sides  ot  the  block  ot  red 

beds  south  of  the  Nam-Tu  at  Hsipaw  ;  one  near  Pengwai  and  sev- 
eral between  Na-kang  and  Loimawk  (F  2),  while  a  very  important 

one  is  to  be  seen  at  Nam-6n  (Shan,  Water-hot)  at  the  point  where 
the  continuation  of  the  Loimawk  fault  would  cross  the  north-south 

fault  running  from  Hson-oi  to  Pangsam  (E  3).  The  salt  spring  of 
Rawgyo,  to  which  reference  has  already  been  made  (p.  342),  is 
situated  on  the  Namhsim  fault,  and  the  salt  is  probably  derived 
from  the  red  beds  which  are  there  brought  down  against  the  Plateau 
Limestone. 

There  must  be  many  ot  these  faults  which  do  not  betray  their 
,    , .  ,        .     ,  ,      presence  by  a  visible  scarp,  either  because  the 
Lashio  nut  springs  fault.     x  *  .  .  *  . rocks  on  either  side  have  been  removed  to 

the  same  extent  by  denudation,  or  because  they  are  not  of  suffi- 
cient throw  to  bring  rocks  of  different  composition  into  contact 

with  each  other.  Thus  the  fissure  on  which  the  great  hot  spring  of 

Lashio  is  situated  does  not  form  a  scarp,  and  would  not  be  recog- 
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nisable  but  for  the  ascent  of  more  than  one  of  these  springs  along 
its  course.  This  fault  was  in  existence  before  the  deposition  of  the 

Tertiary  silts  of  the  Lashio  coal-field,  for  they  pass  across  it 
without  any  trace  of  disturbance  on  one  side  or  the  other.  It  is  for 
this  reason,  the  identity  of  the  rocks  on  both  sides,  that  it  has 
not  been  possible  to  mark  the  continuation  of  some  of  the  faults 

on  the  map,  though  there  is  little  doubt  that  many  of  them  ex- 
tend beyond  the  limits  shown. 

The  faults  ot  this  character  met  with  among  the  Eastern  Ranges 
exhibit  their  presence  in  a  somewhat  different 

Faults     in      Eastern     w  Q()t   i       the   formati(m   of  lineg   q{  ,jff Kanges.  J  J  ,  ' 
but  by  the  abrupt  termination  of  the  fossiliferous 

bands  surrounding  the  domes.  They  let  down  wedge-shaped  masses 
of  the  overlying  rocks  among  those  beneath  them,  as  in  the  valley 

of  the  Nam-Ha,  where  a  long  triangular  strip  of  the  Plateau  Lime- 
stone, with  the  Silurian  and  Ordovician  beds  below,  has  been  brought 

into  contact  with  the  Chaung-Magyi  slates  on  the  eastern  side  of 
the  valley  (Section  III,  Plate  24).  Their  direction  may  cross  that  of 
the  strike  of  the  rocks  at  any  angle,  and  they  have  evidently  been  formed 
at  a  later  date  than  the  folds.  Here  again  it  is  impossible  to  show  the 

whole  length  of  the  faults  on  the  map,  for  as  they  die  away 
their  throw  is  not  sufficient  to  bring  dissimilar  rocks  into  contact. 

There  remains  little  to  be  said  regarding  the  geological  history 
of    the    Northern    Shan    States    since  these 

Sub-recent  geological    events  took  piace>     jn  common  with  a  great history.  rt'  ft-       •  -i 
part  of  the  continent  of  Asia,  since  the  period 

of  deposition  of  the  Jurassic  sandstones  this  tract  has  remained  above 
the  level  of  the  sea,  and  the  processes  that  have  modified  the  surface 
features  are  the  same  that  we  now  see  in  action,  and  if  long  enough 

continued,  will  result  in  the  reduction  of  the  whole  surface  to  a  pene- 
plain. If  we  except  the  folding  and  faulting  described  above,  only 

one  event  took  place  during  this  long  period  of  time  that  is  in  any 
way  different  from  those  which  we  now  see  passing  before  our  eyes ; 
for  the  deposition  of  the  late  Tertiary  silts  of  the  Lashio  and  other 
coal  basins  was  effected  after  the  present  configuration  of  hill  and 
valley  had  been  established,  and  differs  in  no  respect  from  that 

which  is  now  going  on  in  the  lake  basins  of  the  Southern  Shan 
States  and  Yunnan.  It  belongs,  therefore,  rather  to  recent  than  to 

geological  history. 
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The  event  to  which  I  allude  is  the  little  outburst  of  volcanic 

activity  at  the  time  when  these  silts  were  being 
Volcano  of  Loi  Han    accumuiate(]   already  referred  to  in  the  account Hun.  '  J 

of  the  Man-sang  coal-field  (p.  313).  It  ex- 
hibits, it  is  true,  an  extremely  feeble  manifestation  of  volcanic 

energy,  but  it  is  interesting  as  the  sole  evidence  of  the  presence 
of  these  forces  below  the  surface  that  we  have  met  with  in  our 

review  of  the  whole  sequence  of  fossiliferous  rocks  from  lower 

Ordovician  to  the  present  time.  The  situation  of  this  little  vol- 
cano, at  the  very  base  of  Loi  Ling,  the  most  highly  elevated  mass 

of  the  ancient  sea  floor  on  which  the  fossiliferous  series  was  de- 

posited is,  I  am  inclined  to  think,  significant,  as  suggesting  that  if 

we  could  probe  to  a  sufficient  depth,  we  would  find  that  the  under- 
ground reservoirs  of  molten  rock  had  been  brought  nearer  to  the 

surface  at  this  point  than  elsewhere  ;  and  the  particular  time  at 
which  the  outburst  occurred  also  suggests  that  one  or  other  of  the 

great  vertical  faults  played  some  part  in  opening  a  passage  for  the 
emission  of  the  lava. 



CHAP  TEE  XVII. 

ECONOMIC  GEOLOGY. 

As  I  have  already  mentioned  in  the  introduction  to  this  Memoir, 

j  t  the  earlier  notices  of  the  Shan  States  were 
confined  to  vague  reports  of  the  abundance 

of  mineral  wealth  supposed  to  exist  there.  More  or  less  precise 
information  was  forthcoming  with  respect  to  two  occurrences  only, 

the  Ruby  mines  of  Mogok  and  the  silver-lead  mines  of  Bawdwin. 
Of  the  first  of  these  we  have  an  account  by  an  eye-witness,  Pere 

Guiseppe  d'Amato,  written  at  some  time  before  the  year  1833,  in 
which  he  gives  a,  description  of  the  methods  of  working  the  alluvial 
deposits  in  which  the  gems  are  found,  agreeing  in  every  respect 
with  that  given  by  Mr.  Barrington  Brown,  when  he  visited  the 

place  at  least  54  years  later.  The  Bawdwin  mines  were  never 
visited  by  a  European  till  the  beginning  of  the  present  century, 
some  50  years  after  they  had  been  abandoned  by  the  Chinese 
miners,  who  are  said  to  have  worked  them  for  several  hundred  years. 
The  other  minerals  which  are  stated  in  the  older  accounts  to  be 

extremely  prolific  in  the  Lao  territory,  as  the  Shan  States  were  then 

called,  are  iron,  copper,  lead,  tin,  and  antimony ;  but  with  the 
exception  of  lead  ore,  none  of  these  has  been  found  as  yet  to  be 
sufficiently  abundant  to  warrant  exploitation  by  modern  methods 
of  extraction. 

All  the  more  important  minerals  to  be  found  in  the  Northern 

Shan  States,  and  their  mode  of  occurrence,  have  already  been  des- 
cribed in  papers  published  at  various  time*  in  the  Records  of  the 

Geological  Survey,  and  it  will  therefore  be  necessary  to  give  only  a 
brief  notice  of  them  here. 

Antimony. 

Some   very   pure   specimens   of   stibnite    were   brought   to  me 

Nam  Hsan  while   T    was    in   the   neighbourhood   of  Nam 
Hsan  (E  1),  the  capital  of  the  Tawng  Peng 

State,  said  to  come  from  the  hills  near  the  town.  The  prevail- 
ing rock  in  that  part  of  the  country  is  granite,  and  the  specimens 

had   evidently    been   broken   from   narrow   veins   in  this  rock,  but 
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Mr.  Coggin  Brown,  who  made  a  search  for  the  mineral  with  the  assist- 
ance of  a  native  guide,  was  unable  to  discover  it  in  situ.  Specimens 

of  this  mineral  have  also  been  sent  to  the  Geological  Survey 

laboratory  on  several  occasions  by  the  District  officials  for  report, 
but  in  all  cases  the  description  of  the  locality  from  which  they 
came  was  too  vague  to  enable  it  to  be  traced. 

Coai. 

The  so-called  coal  of  the  Northern  Shan  States  has  already 

been  sufficiently  described,1  and  requires  only 

and  quality.  °ccurrence'  a  brief  notice  here.  I  have  already  given  an account,  in  Chap.  XIII,  of  the  various  basins 

in  which  the  seams  are  found.  It  is  a  brown  lignitic  coal  con- 
taining a  high  percentage  of  moisture,  as  is  shown  by  the  analyses 

given  in  Table  13,  compiled  from  the  various  reports,  and  in  its  natural 
state  has  been  found  to  possess  little  or  no  economic  value.  It  is 
found  in  the  small  basins  filled  with  late  Tertiary  silts  occupying  the 

valleys  of  the  streams  that  rise  among  the  hills  surrounding  Loi  Ling, 
the  loftiest  mountain  in  the  States,  and  sometimes  occurs  in  beds  of 

considerable  size,  one  seam  in  the  Lashio  field  attaining  a  thickness  of 

30  feet.  But  such  a  seam  as  this  if  followed  up  would  probably  be 

found  to  thin  out  rapidly,  and  none  of  them  appears  to  be  con- 

tinuous over  a  wide  area.  The  coaly  layers  were  probably  accu- 
mulated in  swamps  similar  to  those  which  now  surround  the  lakes 

that  still  remain  unsilted  in  the  Southern  Shan  States.  For  this 

reason  it  has  not  been  possible  to  form  any  reliable  estimate  of  the 
quantity  of  coal  available  in  these  basins. 

l  F.  Nootling,  Coal-Fields  in  the  N.  Shan  States ;  Record.?,  Geol.  Surv.  hid.,  Vol. 
XXIV,  Pt.  2,  p.  99:  T.  D.  La  Touehe  and  R.  R.  Simpson,  The  Lashio  Coal-Meld, 
Ibid,  Vol.  XXXIII,  Pt.  2,  p.  117  :  R.  R.  Simpson,  The  Namma,  Man-sang,  and  Man- 
se-le  Coal-Fields,  Ibid,  p.  125. 
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Copper. 

A  few  small  heaps  of  copper  slag  were  seen  lying  on  the  hills 
_    ,  .  near   the   Kachin   village   of   Loi   Mi,  about 
Bawd  win.  _  ,    ,  ,.    .  .. 

three  miles  to  the  west  of  the  -Bawdwin  silver 

mines,  and  at  the  head  of  the  valley  in  which  the  mines  are 
situated.  The  ore  was  probably  extracted  by  the  Chinese  miners 
of  Bawdwin,  but  the  lode  was  apparently  of  no  great  size  or 
richness ;  otherwise  the  relics  of  their  operations  would  be  more 
extensive.  No  traces  of  the  ore  in  situ  could  be  found.  At 

Bawdwin  itself  the  face  of  the  cliffs  is  covered  in  places  with 

films  of  the  brilliant  blue  and  green  carbonates  of  copper,  azurite 
and  malachite,  which  are  also  found  impregnating  the  country  rock, 
but  although  it  makes  a  considerable  show,  the  mineral  occurs  in 

exceedingly  small  quantity.  It  is  no  doubt  to  the  colours  of  these 

carbonates  that  the  place  owes  its  Shan  name,  Nam-pang-yun, 

signifying   '  stream  of  the  peacock  camp.' 

Gem-stones. 

It  is  not  necessary  to  give  here  a  full  description  of  the  gem- 
bearing  gravels  of  Mogok  and  Kyatpin  in  the 

S  kieby'  Sapphire  and  Rub7  Mines  District,  as  they  have  already 

PRuby  Mines  District.  been  described  in  detail  by  Mr.  Barrington Brown,  and  the  origin  of  the  gems  has  been 

discussed  by  Prof.  Judd  in  a  joint  paper  contributed  to  the  Philoso- 
phical Transactions  {see  ante,  p.  34  seq.).  The  rubies  are  derived  from  the 

crystalline  limestone  interbedded  with  the  Mogok  gneiss  ;  but  attempts 
to  extract  them  from  the  rock  in  situ  have  proved  unsuccessful, 
and  they  are  obtained  from  the  debris  resulting  from  the  weathering 
of  the  limestone  and  associated  rocks,  either  by  following  up  fissures 

in  the  former  (known  as  '  loodmn'  mining)  ;  by  driving  cuttings 
into  the  rainwash  on  the  hill  sides  (Ilwi/uiidian)  ;  or  sinking  pits 

(Twinlone)  in  the  alluvial  gravels  covering  the  floor  of  the  valley 

until  the  gem-bearing  layer  [Byon)  is  reached.  The  native  methods 
of  working  are  still  to  be  seen  in  operation  in  the  valley  of  Kyat- 

pin (B  I),  11  miles  to  the  west  of  Mogok;  but  the  principal  de- 
posit in  the  Mogok  valley  is  being  worked  by  the  Ruby  Mines  Co., 

who  have  held  a  virtual  monopoly  of  the  industry  since  the  year 

1889,  when  they  were  granted  the  right  to  mine  for  rubies  and  levy 
2  b  2 
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royalties  from  persons  working  by  native  methods.  Since  the  year 

1898,  when  the  first  dividend  of  5  per  cent,  was  paid,  the  enter- 
prise has  been  on  a  sound  footing,  and  in  some  years  dividends 

of  over  17  per  cent,  have  been  paid.  The  proprietors  are  now 
engaged  in  working  systematically  through  the  whole  of  the  alluvial 
deposit,  and  have  installed  machinery  of  the  latest  design,  driven 
by  electric  power  derived  from  the  falls  of  the  Mogok  river  at  its 
exit  from  the  valley.  In  addition  to  rubies,  a  considerable  output 

of  sapphires,  spinels  of  various  colours,  apatites,  and  tourmaniles 

is  obtained,  but  the  last-named  are  of  the  black  variety,  schorl, 
and  are  of  no  value. 

During  the  period  1898  to  1903,  the  average  annual  value  of 
the  gems  obtained  was  £89,345,  but  during 

output.  ^e  nex£  qUinquenniai  period,  1904-1908,  the 
average  value  of  the  output  fell  off,  owing  mainly  to  the  general 
depression  of  trade  in  1907  and  1908,  to  £83,505,  and  no  dividend 

was  paid  for  the  year  ending  28th  February  1909.1  In  this  year 
the  production  was  205,384  carats  of  rubies,  13,457  carats  of  sap- 

phires, and  39,463  carats  of  spinel,  with  a  total  value  of  £58,649. 

The  small  ruby  tract  of  Namhsu-hka  (Namseka)  (C  1),   at  the 
■     ,  i  unction  of  the  Mogok  river  with  the  Nam-Pai Namhsu-hka.  :      _  _..  «.   .  .    i  i  t-v 

in   Mong   Long   fetate,    reported,   on    by  Dr. 

Noetling  in  1891, 2  has  since  been  entirely  worked  out  by  the  Ruby 
Mines  Co.,  but  I  can  find  no  record  of  the  value  of  the  gems  obtained. 

The  remains  of  extensive  excavations  in  search  of  red  tourmaline 

(rubellite)   are  to  be  seen  in  the  valley  of  the 
Tourmaline,  Nam-Pai  near  the  town  of  Mong  Long  (Maing- 

lon)  (C  1),  and  the  mines  are  still  worked 
spasmodically,  with  very  variable  results.  The  locality  was  visited 

in  1887  by  Mr.  Barrington  Bro\vn:!  and  was  afterwards  described  by 
Dr.  Noetling.4  The  tourmalines  are  obtained  by  washing  the  gravel 
of  old  terraces  on  the  banks  of  the  river,  and  have  evidently  been 

derived  from  the  broad  dykes  of  granite  which  break  through  the 

j  f  t  t  gneiss  of  the  hills  to  the  north.  Within  the last  ten  years  the  highest  output  was  obtained 

1  T.  H.  Holland,  Review  of  the  Mineral  Production  of  India,  1898-1903;  Records, 
Oeol.  Surv.  Ind.,  Vol.  XXXII,  Pt.  1,  p.  77  :  T.  H.  Holland  and  L.  L.  Fermor,  Hid,  Vol. 
XXXIX,  p.  186. 

2  Ibid,  Vol.  XXIV,  Pt.  2,  p.  119. 
3  Of.  cit.,  ]).  106. 
4  Records,  Geol.  Surv.  Ind.,  Vol.  XXIV,  Pt.  2,  p.  125. 
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373 in  1905,  when  161  lbs.  of  rubellite,  valued  at  £1,501,  wera  obtained. 

In  1907,  however,  the  output  fell  to  20  lbs.,  valued  at  £293,  and 
in  1909  only  seven  stones  are  reported  to  have  been  found,  worth 
£26.  The  gems  are  sold  to  the  Chinese,  by  whom  they  are  in  great 
demand. 

The  tourmaline  mines  of  Maingnin,  described  by  Mr.  E.  C.  S. 

,„  .  George  in  the   Records  in  1907, 1   are  situated Maingnin.  ,       _.  .  .  .  , 
m  the  btate  ot  Mongmit  (Momeit),  to  the 

north  of  the  Ruby  Mines  District.  The  gems  are  said  to  be 
obtained  from  a  decomposed  granite.  The  mines  appear  to  be 
worked  in  a  desultory  manner,  and  the  outjmt  is  small,  only  5  lbs., 
valued  at  £36,  having  been  obtained  in  1908,  the  last  year  for  which 
returns  have  been  received. 

Gold. 

The  streams  that  drain  the  areas  occupied  by  the  slates  and 
quartzites,  with  their  associated  quartz  veins, 

Mode  of  occurrence.  \     ,  .        .  „ 
ot  the  (.  haung-Magyi  series,   usually    carry  a 

certain  amount  of  gold  in  fine  particles,  and  I  have  seldom  tested 

one  of  them  without  finding  at  least  a  'colour.'  Gold  washing 
is  practised  by  the  natives  in  a  desultory  fashion  in  many  places, 

when  they  are  not  employed  in  tilling  their  fields,  and  the  fre- 
quency with  which  gold  occurs  is  denoted  by  the  prevalence  of  its 

Shan  appellation  '  hkam  '  in  their  place-names  (Loi-hkam,  '  gold- 
mountain,'  Nam-hkam,  'golden  stream,'  etc.).     In  the  year  1906  an 

attempt  was  made  to  exploit  one  of  these 

tu2amma  llmlSi"S  VCn"    alluvial    deposits    in    the    Namma    (not  the stream  from  which  the  coal-field  derives  its 

name,  but  a  tributary  of  the  Salween  flowing  by  Man  Namluk  (J  1), 
due  east  of  Lashio),  by  means  of  a  steam  dredger,  brought  to  the 
spot  and  put  together  at  the  cost  of  great  labour  and  expense. 
Previous  prospecting  operations  had  shown  that  an  average  return 
of  15  grains  of  gold  to  the  cubic  yard  might  be  looked  for,  but 
it  was  found  that  the  gravel,  having  been  consclidateel  in  places  by  the 
infiltration  of  calcareous  tufa  was  not  amenable  to  the  method  em- 

ployed, and  after  a  short  trial  the  enterprise  proved  abortive/ 

1  /bid,  Vol.  XXXVI,  PI.  3,  |).  233, 
t,1  General  Report;  /bid,  Vol.  XXX  VII,  Pt.  I,  p.  31, 
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An  account  of  some  prospecting  trials  carried  out  by  myself 
in  the  streams  draining  the  Loi  Twang  range 
has  been  published  in  the  Records  of  the 

Geological  Survey.1  The  gold  occurs  in  the  form  of  small  flat 
spangles  with  irregular  outlines  and  a  pitted  surface,  and  has 
evidently  not  travelled  far,  but  none  was  found  in  situ.  The 

quantity  was  disappointing,  for  except  in  one  case,  when  a  small 

nugget  was  found  weighing  4 -86  grains,  it  did  not  amount  to  as 
much  as  2  grains  per  cubic  yard. 

Quite  recently  a  more  promising  occurrence  has  been  brought 
to  light  by  the  Sawbwa  (Chief)  of  Hsipaw, 

in  the  sub-State  of  Mong  Long.  This  State 
lies  to  the  north  of  the  plateau  and  is  entirely  covered  by  rocks 

belonging  to  the  Chaung-Magyi  series  and  by  the  mica  schists.  In 
this  case  the  gold  is  in  larger  spangles  and  some  of  the  specimens  con- 

sist of  quartz  grains  studded  with  flakes  of  gold,  suggesting  that 
the  metal  is  derived  from  the  quartz  veins  which  traverse  these 
formations  in  all  directions.  The  exact  locality  of  this  discovery 

has  not  yet  been  made  known,  but  it  is  hoped  that  an  oppor- 

tunity will  soon  occur  of  examining  the  deposits.2 

Iron -ore. 

In  some  parts  of  the  Shan  States  indications  are  met  with,  in 

LoJ     ̂   ̂   the  shape  of  heaps  of  ferruginous  slag,  that  in former  times  a  considerable  amount  of  iron 

ore  was  smelted,  but  in  only  one  instance  did  I  find  any  manu- 
facture of  iron  actually  going  on,  and  that  was  on  a  very  small 

scale.  At  the  southern  end  of  Loi  Twang  I  came  upon  a  party  of 

Tarengs  engaged  in  making  'dha '  blades,  the  large  knife  which 
the  hill-man  has  always  ready  to  his  hand,  which  he  uses  impartially 

,    „  for  cutting  down  trees  or  an  enemy,  for  splitting 
jYlotlo  of  occuri't'iK'c 

bamboos  when  engaged  in  house-building,  or  for 
slicing  his  tobacco.  The  ore  is  obtained  in  large  masses  along  the 

outcrop  of  the  Naungkangyi  shales  on  the  eastern  side  of  the  range,  but 
the  absence  of  good  transverse  sections  made  it  impossible  to  see 

whether  it  was  a  mere  surface  impregnation  of  the  beds,  of  the  nature 

1  Vol.  XXXV,  Pt.  2,  p.  102. 
2  Ninee  the  above  was  written,  the  deposit  has  been  examined  and  reported  on, 

see  licrordu,  dioK  S»rv.  In!.,  Vol.  XI. IT,  pp.  :i7-.~>l.  "  Report  on  certain  gold-bearing 
deposits  of  M<>ng  Long,  Hsipaw  .State,  "  by  J.  Coggin  Brown. 
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of  laterite,  or  an.  interstratified  layer.  If  the  former  supposition  is 

correct  the  quantity  available  cannot  be  large,  certainly  not  suffi- 
cient to  keep  a  modern  blast-furnace  supplied. 

The  ore  associated  with  the  Wetwin  shales,  and  that  found 

.  along  the  cart-road  between  Zegon  (Singaung) 
(B  5)  and  Maymyo,  mentioned  by  Mr.  Datta  in 

the  General  Report  of  the  Geological  Survey  for  1899-1900  (p.  121), 
is  of  the  same  character.     Iron  ore  is  said  to  have  been  obtained 

from  a  hill  close  to  Thondaung  (Burnt.,  Iron  Hil!^ Thondaung.  .,  ...  „     „  ,   T  , 
railway  station,  near  Zegon,  and.  1  was  shown 

a  pit  in  the  side  of  the  hill,  which  consists  of  the  Plateau  Lime- 
stone, said  to  have  been  an  iron  mine.  No  traces  of  ore  could  be 

seen,  and  the  pit  was  filled  with  rubbish,  but  as  the  top  of  this  hill 
and  of  others  in  the  neighbourhood  are  covered  with  masses  of 

a  rich  ore,  which  may  be  of  lateritic  origin,  the  '  mine  '  may  only 
mark  an  attempt  of  the  native  prospectors  to  find  out  whether  the 
ore  penetrates  to  the  interior  of  the  hill  or  not. 

Limestones  and  Building  Materials. 

Limestones  of  very  varied  composition  and  quality,  ranging 
.      ,         .  .        from  the  practically  pure  calcite  of  the  Permo- Vancty  of  composition.  .  .  .         ,       ,  ... 

Larbonirerous  tormation,  through  the  argilla- 
ceous limestones  of  the  Ordovician  and  Silurian,  to  the  dolomites 

of  the  Plateau  Limestone,  are  to  be  found  in  the  greatest  abund- 
ance in  these  hills  ;  but  with  the  exception  of  a  certain  quantity  of 

lime,  which  is  burnt  at  Tonbo  and  Zebingyi  by  the  most  primitive 
native  methods,  mainly  for  local  consumption,  no  use  has  hitherto 
been  made  of  them.  And  yet  among  limestones  of  such  varied 
composition  it  is  not  unlikely  that  some  might  be  found  suitable 

for  the  manufacture  of  cement,  for  which  there  is  a  very  large 
demand,  both  in  Burma  and  India.  No  experiments  on  an  ade- 

quate scale,  however,  have  yet  been  made  in  order  to  ascertain 
whether  this  is  the  case  or  not. 

There  is  very  little  demand  for  building  stone  in  the  States, 
_  ....  though  the  railway  engineers  have  used  both 
Building  stone.  .  ° 

the  limestone,  and  in  a  lew  instances,  the  sand- 

stones of  the  Niimyau  series  for  bridge  building  with  success;  but 
the  Plateau  Limestone  is  usually  in  too  shattered  a  condition  to  be 

of  much  use  in  this  respect.     Some  of  the  harder  bands  among  the 
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Namhsim  sandstones  would  furnish  a  durable  building-stone,  but  the 
outcrops  of  thif3  rock  are  too  far  from  the  railway  to  make  it 
worth  while  to  open  out  quarries,  unless  a  larger  demand  than  now 
_  _  exists  were  to  spring  up.     The  red  limestones 
Quarry  at  Yemeyc.  .     .  ,  ,  ,  .  ■, 

of  the  Nyaungbaw  group  have  been  quarried 
at  Yemeye  (B  5)  near  Zebingyi,  for  use  as  copings  and  ornamental 
string  courses  in  the  Government  hospital  lately  built  in  Rangoon, 
but  the  rock  was  selected  more  on  account  of  its  rich  chocolate 

red  colour  than  for  its  durability,  and  it  is  doubtful  whether  such 
a  stone,  traversed  as  it  is  by  numerous  veins  of  secondary  calcite, 
will  withstand  the  damp  climate  of  Rangoon. 

Many  of  the  crystalline  limestones  of  the  Ruby  Mines  District 

M  could  be  used  as  statuary  marble,  but  this 
rock  occurs  in  such  large  quantities  in  the 

more  accessible  Sagyin  Hills  near  Mandalay,  and  at  Kyaukse,  on 
the  railway  south  of  that  place,  that  there  is  never  likely  to  be 
any  demand  for  the  marble  of  the  more  remote  occurrences,  and 
the  only  use  to  which  it  is  put  is  that  of  metalling  the  roads. 

Clays  of  sufficiently  good  quality  for  brick-making  may  be 
found  almost  everywhere,  and  are  largely  used 
in  the  construction  of  pagodas,  a  pit  being 

opened  at  each  site  and  the  bricks  burnt  on  the  spot.  The  Euro- 
pean houses  in  Maymyo  and  other  towns  are  usually  built  of  brick, 

but  the  natives  never  employ  this  material  in  the  construction  of 

their  houses,  even  the  '  palaces  '  of  the  chiefs,  and  the  monasteries,  being 
built  of  wood  and  bamboo.  The  white  kaolin-like  clays  that  occur 

at  one  or  two  localities  in  the  Tertiary  coal  basins, — at  Man-Se 

(H  1)  in  the  Namma  coal  field,  and  at  Mankiin  (I  2)  in  the  Man- 
se-le  field, — might  be  suitable  for  making  pottery,  but  hitherto  no 
use  has  been  made  of  them. 

Salt. 

A  considerable  quantity  of  coarse  salt  is  manufactured  from  the 
water    of    a  brine   well  situated  at  Bawgyo 

Bawgyo  nne  wi  .       ̂   ̂         ̂   valley    of    the    Nam-Tu  near 
Hsipaw.  The  well  is  sunk  on  the  line  of  a  fault  at  the  base  of  a, 
limestone  scarp,  and  the  salt  is  no  doubt  derived  from  the  red 
Namyau  sandstones,  which  are  faulted  down  against  the  Plateau 
Limestone.     The   produce  is    exported   and   sold  among   the  hill 
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tribes  living  to  the  east  of  the  Salween,  and  the  revenue  is  de- 
voted to  the  upkeep  of  a  large  monastery  at  Bawgyo,  where  a 

great  Buddhist  festival  is  held  yearly.  The  well  was  described  by 

Dr.  Noetling  in  1891, 1  and  was  again  visited  by  myself  in  1905 
for  the  purpose  of  ascertaining  the  quantity  of  sulphate  of  soda 
that  could  be  obtained  annually,  as  the  water  of  the  well  was 

known  to  contain  a  large  proportion  of  this  substance,  in  connec- 
tion with  a  proposal  to  establish  the  manufacture  of  wood  pulp  in 

Burma.  The  solid  contents  of  the  brine  were  found  to  yield  about 

60  per  cent,  of  sodium  chloride  and  35  per  cent,  of  the  sulphate, 
and  I  estimated  that,  if  the  crude  salt  were  properly  refined,  about  70 
tons  of  sulphate  could  be  obtained  from  this  well  annually.  The 

present  method  of  refining  the  product  is  extremely  rough,  amount- 
ing to  no  more  than  stopping  the  evaporation  before  it  has  reached 

dryness,  and  throwing  away  the  scale,  containing  the  bulk  of  the 

sulphate,  which  collects  on  the  bottom  of  the  evaporating  pans.2 

Silver-lead  Ore. 

A  full  description  of  the  silver-lead  mines  of  Bawdwin,  situated 
„    ,.  in  the  northern  part  of  the  Tawng  Peng  State. 

which  have  long  been  famous  for  their  pro- 
duction of  silver,  has  been  published  in  the  Records  of  the  Geol- 

ogical Survey.3  The  mines  had  been  worked  by  Chinese,  who  paid 
a  certain  tribute  to  the  King  of  Burma,  from  time  immemorial, 

but  were  abandoned  about  60  years  ago,  probably  on  account  of 
the  unsettled  state  of  the  country.  The  Chinese  appear  to  have 
made  little  use  of  the  lead,  copper,  and  zinc  contained  in  the  crude 
ore,  but  extracted  the  silver  on  the  spot  by  cupellation,  and  threw 
away  the  lead  slag,  great  heaps  of  which,  now  spread  over  the 
sides  of  the  valley  in  which  the  mines  are  situated,  testify  to  the 

activity  of  former  years.  In  1827  Crawfurd*  estimated  the  produc- 
tion of  silver  as  worth  960,000  ticals,  or  £120,000  yearly,  of  which 

4,800  ticals  (£600)  was  paid  as  tribute  to  the  King  of  Ava  ;  and 

so  late  as  1855  Dr.  Oldham  was  informed6  that  40  viss  (2,276  oz.) 

1  Note  on  a  Salt  Spring  near  Bawgyo  ;  Records,  Oeol.  Surv.  Ind.,  Vol.  XXIV,  Pt.  2, 
p.  129. 

2  Note  on  the  Brine-well  at  Bawgyo  ;  Ibid,  Vol.  XXXV,  Pt,  2,  p.  97. 
3  T.  D.  La  Touche  and  J.  Coggin  Brown,  The  Silver-lead  mines  of  Bawdwin  :  /bid, 

Vol.  XXXVII,  Pt.  3,  p.  235. 
4  Embassy  to  the  Court  of  Ava,  p.  444. 
5  H.  Yule,  Mission  to  the  Court  of  Ava  in  1855,  Appendix  A,  p.  345. 
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of  silver  were  produced  daily,  but  that  the  annual  revenue  derived 
by  the  King  of  Ava  was  only  40  ticals  (£5).  His  informant  stated 

that  10,000  Chinese  were  employed  at  the  mines,  a  number  prob- 
ably greatly  exaggerated. 

The  extent  of  the  Chinese  workings  is  still  perfectly  visible,  the 
hill  sides  being  honeycombed  with  their  adits  and  shafts,  of  which 
some  300  have  been  counted  ;  and  the  remains  of  their  smelting 
and  cupellation  furnaces  are  still  to  be  seen.  So  far  as  can  now  be 
ascertained,  the  ore  consisted  of  lead  sulphide,  associated  with 

zinc  blende,  iron  pyrites,  and  chalcopyrite,  either  disseminated  in 
granules  through  the  country  rock  or  aggregated  into  large  masses. 
It  appears  to  have  been  produced  by  the  metasomatic  replacement 
of  the  constituents  of  the  Bawdwin  grits  and  tuffs  by  minerals 

deposited  from  solutions  rising  along  the  plane  of  the  great  over- 
thrust  fault  already  described  (p.  136).  The  ore  is  said  to  be  very 

rich  in  silver,  picked  samples  having  yielded  as  much  as  87  oz.  to 
the  ton  of  lead. 

The  slags   rejected   by  the   Chinese   miners,   amounting  it  is 

d  ̂   estimated  to  over  100,000  tons,  are  now  being 
removed,  by  a  Company  formed  for  the  pur- 

pose of  exploiting  the  mines,  to  Mandalay,  where  they  are  smelted. 

The  results  of  the  first  year's  working  were  satisfactory,  5,030 
tons  of  lead  and  27,500  oz.  of  silver  bullion  having  been  extracted 

and  disposed  of  in  London,  the  amount  realised  being  £68,100 ; 
but  owing  to  very  heavy  initial  expenses,  incurred  principally  in 

connecting  the  mines  with  the  Lashio  railway  by  a  steam  tram- 
way some  40  miles  in  length,  the  profits  of  the  enterprise  have 

as  yet  been  small. 

Silver-lead  ore  is  also  found  in  places  among  the  limestones  of 
the  plateau,  and  one  occurrence  of  this  kind, 

Other  occurrences.  *       ,         _     ,  .  ..  ... 
not  far  from  Lashio,  is  now  bemg  worked  in 

order  to  supply  crude  ore  to  be  mixed  with  the  refractory  slags  of 

Bawdwin  for  smelting  purposes.  In  1909,  the  quantity  of  ore  ex- 
tracted from  this  mine  was  returned  as  5,888  tons.  There  is  also 

a  reputed  silver  mine  among  the  foot-hills  near  Taunggaung  (B  4). 
about  20  miles  to  the  north-east  of  Mandalay ;  but  the  excavation 
is  now  almost  entirely  filled  up  and  overgrown,  and  no  ore  is  to  be 
seen.  The  rocks  at  this  locality  are  limestones  belonging  to  the 

Naungkangyi  series. 
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I  have  been  more  than  once  assured,  on  what  seemed  to  be 

good  authority,  that  rich  deposits  of  cinnabar 

cinnabaf11  °f    had  been  discovered  in  the  Shan  States,  but 
the  material  on  inspection  turned  out  invariably 

to  bd  nothing  more  than  red  clay.  The  brilliant  red  '  Terra  Rossa  ' 
of  the  plateau,  when  washed  into  a  fissure  in  the  limestone,  and 
exposed  by  denudation  in  a  cliff  section,  may  easily  be  mistaken  for 
this  mineral ;  but  its  low  specific  gravity,  as  compared  with  that 
of  cinnabar,  at  once  serves  to  distinguish  it. 
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T.  H.  1).  L;i  Touche,  Photo. 
'SWALLOW  HOLE'  IN  THE  LUKHKAI  '  KESSELTAL. 
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A  PORTION  OF  THE  SHAN  PLATEAU  SHOWING  CALDRON  VALLEYS.     REDUCED  FROM  SHEET  NO.  93  BURMA  TOPL.  SURVEY. 11  &  15 

Scale,  1"  =  2  miles. 

The  boundaries  of  the  Caldron  valleys  are  indicated  by  dotted  lines 
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Fig.  1x17.    RHYOLITE,  BAWDWIN. 
Flow-structure. 

Nicols  Crossed. 
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Fig.  2x17.    OLIVINE  BASALT  (Tertiary), LOI  HAN  HUN. 
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Fig.  1x17.    OLIVINE  GABBRO,  NAM  Hsan. 
A.  Augite,  F.  Felspar,  O.  Olivine. 

T.  H.  D.  La  Touch»,  Photomioro 
Fig.  2    33.    PORTION  OF  ABOVE  ENLARGED 

TO  SHOW  'REACTION  RIMS.' 
Surrounding  Olivines  at  contact  with  felspar 
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Fig.  1x12.  ORDOVICIAN  LIMESTONE. 

T.  H.  D.  La  Touche,  Photomicro. 
Fig.  2  x  17.    PLATEAU  LIMESTONE. 

Ordinary  Type. 
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Fig.  1x17.  OOLITIC  LIMESTONE  WITH  FORAMI NIFERA, 
MONGYAU. 

T.  II.  I).  La  Touche,  Pliolomicro. 
Fig.  2x17.    OOLITIC  DOLOMITE  WITH  FORAMI  NIFERA, 

MONGYAU. 
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Fig.  1x17.    OOLITIC  DOLOMITE,  MONGYAU. 

T.  H.  D.  La  Touche,  Photomicro. 
Fig.  2x17.    OOLITIC  DOLOMITE,  GOKTEIK  GORGE. 
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T.  H.  D.  La  Touche,  Photomlcro. 

Fig.  2x14.    PER  MO-CARBONIFEROUS  LIMESTONE, 
KEHSI  MANSAM. 
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Fig.  I  x  17.    OOLITIC  LIMESTONE  (  ?  Rhajtic), NAM  SAWM. 

r.  II.  D.  I.a  Touche  Photomicro. 

Fig:.  2  <29     OOLITIC  LIMESTONE  (RhaMic), LOI  LAM. 
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SECTION  I.  WESTERN  SCARP  OF  PLATEAU.    TONBO  TO  THABYEGYIN. 

SECTION  II,  WESTERN  SCARP  OF  PLATEAU.    ALONG  MEHAUK  SPUR 

SECTION  III.  WESTERN  SCARP  OF  PLATEAU.    CHAUNG-MAGYI  VALLEY. 

8EOTION  IV    ACROSS  THE  NAM-TU  VALLEY  AT  LILU. to.  Namyau  Beds. 
8.  Plateau  Limestone.  Homontal  and  Vtrtieal  Stall  i  inch  -  i  mile. 
7.  Zebingyi  Beds. 
6.  Namhsim  Sandstone. 
5   Panghsa-Hye  Graptolite  Band. 
3-  Naungkangyi  Beds. 
2.  Chaung-Magyi  Series. 
I.  Mogok  Gneiss. 

/  f'aul,, 
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SECTION  11.  NEAR  EASTERN  END  Of  L01-LEN  RANGE. 

10.  Namyau  Beds. 
9.  Napeng  Beds. 
8-  Plateau  Limestone. 
6.  Namhsim  Beds  (Upper) 
4.  Hwc-Mawng  Beds. 
3.  Naungkangyi  Beds  (I-ow 
2.  Chaung-Magyi  Series 
/  Faults. 

SECTION  111.  RANGES  EAST  OF  MONG  YA1.    FROM   MAN  PONG  TO  THE  NAM  HA  VALLEY. 

Horizontal  mud  Vertical  Scale   i  intk  =  /  Ml//. 
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W.  Garrick,  Photo. CAMAROCRINUS  ASIATICUS.  Reed. 
Upper  Surface.     Natural  Size. 
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H.  B.  W.  Garrick,  Photo. 
CAMAROCRINUS  ASIATICUS.  REED. 

Lower  Surface.    Natural  Size. 
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II.  B.  W.  GarricU,  I'hoto. NAPENG  FOSSILS. 
Ail  Natural  Size. 
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SYMBOLS  and  ABBREVIATIONS. 
Dnriuon  Boundary 
Distnd  or  Suie  Boundary 
Metal  Led  Road  frit  Nut-Horn) Trade  route 
Telegraph  Une 
Railway  Line,  with  Stat  on 
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MEMOIRS  OF  THE  GEOLOGICAL  SURVEY  OF  INDIA. 

Vol.  I.  Pt.  1,  1856  (out  of  print)  :  Coal  and  Iron  of  Talchir.—  Talchir  Coal-field.— 
Gold-yielding  deposits  of  Upper  Assam. — Gold  from  Shue-gween.  Pt.  2, 
1858  (out  of  print)  :  Geological  structure  of  a  portion  of  Khasi  Hills. — 
Geological  structure  of  Nilgiri  Hills  (Madras).  Pt.  3,  1859  (out  of  print)  : 
Geological  structure  and  physical  features  of  districts  of  Bankura,  Mid- 
napore,  and  Orissa. — Laterite  of  Orissa. — Fossil  fish-teeth  of  genus 
Ceratodus,  from  Maledi,  south  of  Nagpur. 

Vol.  II.  Pt.  1,  I860  (out  of  print)  :  Vindhyan  rocks,  and  their  associates  in  Bundel- 
kand.  Pt.  2,  1860  (out  of  print)  :  Geological  structure  of  central  portion 
of  Nerbudda  District. — Tertiary  and  alluvial  deposits  of  central  portion 
of  Nerbudda  Valley. — Geological  relations  and  probable  age  of  systems 
of  rocks  in  Central  India  and  Bengal. 

Vol.  III.  Pt.  1,  1863  (out  of  print)  :  Raniganj  Coal-field. — Additional  remarks  on 
systems  of  rocks  in  Central  India  and  Bengal. — Indian  Mineral  Statis- 

tics, I.  Coal.  Pt.  2,  1864  (out  of  print)  :  Sub-Himalayan  RangeB 
between  Ganges  and  Ravi. 

Vol.  IV.  Pt.  1,  1863  (out  of  print)  :  Cretaceous  Rocks  of  Trichinopoly  District, 
Madras.  Pt.  2,  1864  (out  of  print)  :  Districts  of  Trichinopoly,  Salem, 
etc.  Pt.  3,  1865  (out  of  print)  :  Coal  of  Assam,  etc. 

Vol.  V.  Pt.  1,  1865  (out  of  print)  :  Sections  across  N.-W.  Himalaya,  from  Sutlej  to 
Indus. — Gypsum  of  Spiti.  Pt.  2,  1866  (out  of  print)  :  Geology  of  Bom- 

bay. Pt.  3,  1866  (out  of  print)  :  Jheria  Coal-field. — Geological  Observa- tions on  Western  Tibet. 

Vol  VI.  Pt.  1,  1867  (out  of  print)  :  Neighbourhood  of  Lynyan,  etc.,  in  Sind. — 
Geology  of  portion  of  Cutch.  Pt.  2,  1867,  Rep.  1908  (price  2  Rs.)  : 
Bokaro  Coal-field. — Ramgarh  Coal-field. — Traps  of  Western  and  Central 
India.  Pt.  3,  1869  (price  2  Rs.  8  As.)  :_Tapti  and  Nerbudda  Valleys.— 
Frog-beds  in  Bombay. — Oxyglossus  pusillus. 

Vol.  VII.  Pt.  1,  1869  (price  3  Rs.)  :  Vindhyan  series.— Mineral  Statistics.— Coal.— 
Shillong  Plateau.  Pt.  2,  1870  (out  of  print)  :  Karharbari  Coal-field. — 
Deoghar  Coal-field.  Pt.  3,  1871  (out  of  print)  :  Aden  water-supply.— 
Kdranpura  Coal-fields. 

Vol.  VIII.  Pt.  1,  1872  (price  4  Rs.)  :  Kadapah  and  Karnul  Formations  in  Madras 
Presidency.  Pt.  2,  1872  (price  1  Re.)  :  Itkhuri  Coal-field. — Daltonganj 
Coal-field. — Chope  Coal-field. 

Vol.  IX.  Pt.  1,  1872  (out  of  print)  :  Geology  of  Kutch.    Pt.  2,  1872  (price  1  Re.)  : 
Geology  of  Nagpur. — Geology  of  Sirban  Hill. — Carboniferous  Am- monites. 

Vol.  X.  Pt.  1  (price  3  Rs.)  :  Geology  of  Madras.— Satpura  Coal-basin.    Pt.  2,  1874 
(price  2  Rs.)  :  Geology  of  Pegu. 

Vol.  XI,  Pt.  1.  1874  (price  2  Rs.)  :  Geology  of  Darjiling  and  Western  Duars.    Pt.  2, 
1876  (price  3  Rs.)  :  Salt-region  of  Kohat,  Trans-Indus. 

Vol.  XII.  Pt.  1,  1877  (price  3  Rs.)  :  South  Mahratta  Country.    Pt.  2,  1876  (price 
2  Rs.)  :  Coal-fields  of  Naga  Hills. 

Vor,.        XIII.  Pt.  1.  1877  (price  2  Rs.  8  As.)  :  Wardha  Vallev  Coal-field.    Pt.  2.  1877 
(price  2  Rs.  8  As.)  :  Geology  of  Rajmahal  Hills. 

Vol.        XIV.  1878  (price  5  Rs.)  :  Geology  of  Salt-range  in  Punjab. 
7ol.  XV.  Pt.  1,  1878  (price  2  Rs.  8  As.)  :  Aurunga  and  Hutdr  Coal-fields  (Palamow). 

Pt.  2,  1880  (price  2  Rs.  8  As.)  :  Ramkola  and  Tatapani  Coal-fields 
(Sirgnja). 

Vol.  XVI.  Pt.  1,  1879  (price  1  Re.  8  As.)  :  Geology  of  Eastern  Coast  from  Lat.  15° 
to  Masulipatam.  Pt.  2,  1880  (price,  1  Re.  8  As.)  :  Nellore  Portion  of 
Carnatic.  Pt.  3,  1880  (price  2  Rs.)  :  Coastal  Region  of  Godavari 
District. 

Vol.  XVII.  Pt.  1,  1879  (price  3  Rs.)  :  Geology  of  Western  Sind.  Pt.  2,  1880  (price 
2  Rs.)  :  Trans-Indus  extension  of  Punjab  Salt-range. 
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Vol.  XVIIL  Pt.  1,  188i  (price  2  lis.)  :  Southern  Afghanistan.  Pt.  2,  1881  (out  of 
■print)  :  Manbhum  and  Singhbhum.  Pt.  3,  1881  (price,  2  Rs.)  :  Pranhita, 
Godavari  Valley. 

Vol.  XIX.  Pt.  1,  1882  (price  2  Rs.)  :  Cachar  Earthquake  of  1869.    Pt.  2,  1882  (price 
1  Re.)  :  Thermal  Springs  of  India.  Pt.  3,  1883  (price  1  Re.)  :  Catalogue 
of  Indian  Earthquakes.  Pt.  4,  1883  (out  of  print)  :  Geology  of  parts  of 
Manipur  and  Naga  Hills. 

Vol.  XX.  Pt.  1,  1883  (out  of  print)  :  Geology  of  Madura  and  Tinnevelly.    Pt.  2, 1883 
(out  of  print)  :  Geological  notes  on  Hills  in  neighbourhood  of  Sind  and 
Punjab  Frontier  between  Quetta  and  Dera  Ghazi  Khan. 

Vol.  XXI.  Pt.  1,  1884  (out  of  print)  :  Geology  of  Lower  Narbada  Valley.  Pt.  2,  1884 
(out  of  print)  :  Geology  of  Kathiawar.  Pt.  3,  1885  (out  of  print)  :  Coal- 

field of  South  Rewah.    Pt.  4,  1885  (out  of  print)  :  Barren  Island. 
Vol.       XXII.  1883  (price  5  Rs.)  :  Geology  of  Kashmir,  Chamba,  and  Khagan. 
Vol.     XXIII.  1891  (price  5  Rs.)  :  Geology  of  Central  Himalayas. 
Vol.     XXIV.  Pt.  1,  1887  (out  of  print)  :  Southern  Coal-fields  of  Satpura  Gondwana  basin. 

Pt.  2,  1890  (out  of  print)  :  Geology  of  Sub-Himalaya  of  Garhwal  and 
Kumaun.  Pt.  3,  1890  (out  of  print)  :  Geology  of  South  Malabar,  be- 

tween Beypore  and  Ponnani  Rivers. 
Vol.        XXV.  1896  (out  of  print)  :  Geology  of  Bellary  District,  Madras  Presidency. 
Vol.      XXVI.  1896  (out  of  print)  :  Geology  of  Hazara. 
Vol.  XXVII.  Pt.  1,  1895  (out  of  print)  :  Marine  Fossils  from  Miocene  of  Upper 

Burma.  Pt.  2,  1897  (out  of  print)  :  Petroleum  in  Burma  and  its  techni- 
cal exploitation. 

Vol.  XXVIII.  Pt.  1,  1898  (price  2  Rs.)  :  Geological  Structure  of  Chitichun  region.— 
Allahbund  in  north-west  of  Rann  of  Kuchh. — Geology  of  parts  of  Myin- 
gyan,  Magwe  and  Pakokku  Districts,  Burma. — Geology  of  Mikir  Hills 
in  Assam. — Geology  of  Tirah  and  Bazar  Valley.  Pt.  2,  1900  (price 
3  Rs.)  :  Charnockite  Series,  group  of  Archaean  Hypersthenic  Rocks  in 
Peninsular  India. 

Vol.       XXIX.  1900  (price  5  Rs.)  :  Earthquake  of  12th  June  1897. 
Vol.  XXX.  Pt.  1,  1900  (price  2  Rs.)  :  Aftershocks  of  Great  Earthquake  of  12th  June 

1897.  Pt.  2,  1900  (price  1  Re.)  :  Geology  of  neighbourhood  of  Salem, 
Madras  Presidency.  Pt.  3,  1901  (price  1  Re.)  :  Sivamalai  Series  of 
Elaeolite-Syenites  and  Corundum  Syenites.  Pt.  4,  1901  (price  1  Re.)  : 
Geological  Congress  of  Paris. 

Vol.  XXXI.  Pt.  1,  1901  (price  2  Rs.)  :  Geology  of  Son  Valley  in  Rewah  State  and  of 
Parts  of  Jabalpur  and  Mirzapur.  Pt.  2,  1901  (price  3  Rs.)  :  Baluchis- 

tan Desert  and  part  of  Eastern  Persia.  Pt.  3,  1901  (price  1  Re.)  : 
Peridotites,  Serpentines,  etc.,  from  Ladakh. 

Vol.  XXXII.  Pt.  1,  1901  (price  1  Re.)  :  Recent  Artesian  Experiments  in  India.  Pt.  2, 
1901  (price  2  Rs.)  :  Rampur  Coal-field.  Pt.  3,  1902  (price  3  Rs.)  : 
"  Exotic  Blocks  "  of  Malla  Johar  in  Bhot  Mahals  of  Kumaon.  Pt.  4, 
1904  (price  3  Rs.)  :  Jammu  Coal-fields. 

Vol.  XXXIII.  Pt.  1,  1901  (price  8  Rs.)  :  Kolar  Gold-field.  Pt.  2,  1901  (price  2  Rs.)  : 
Art.  1  :  Gold-fields  of  Wainad.  Art.  2  :  Auriferous  Quartzites  of 
Parhadiah,  Chota  Nagpur.  Art.  3  :  Auriferous  localities  in  North 
Coimbatore.  Pt.  3,  1902  (price  1  Re.) :  Geology  of  Kalahandi  Stat*, 
Central  Provinces. 

Vol.  XXXIV.  Pt.  1,  1901  (price  1  Re.)  :  Peculiar  form  of  altered  peridotite  in  Mysore 
State.  Pt.  2,  1902  (price  3  Rs.)  :  Mica  deposits  of  India.  Pt.  3,  1903 
(price  1  Re.)  :  Sandhills  of  Clifton  near  Karachi.  Pt.  4,  1908  (price 
4  Rs.)  :  Geology  of  Persian  Gulf  and  adjoining  portions  of  Persia  and Arabia. 

Vol.      XXXV.  Pt.  1,  1902  (price  2  Rs.)  :  Geology  of  Western  Rajputana.    Pt.  2,  1903 
(price  1  Re.)  :  Aftershocks  of  Great  Earthquake  of  12th  June  1897. 
Pt.  3,  1904  (price  1  Re.)  :  Seismic  phenomena  in  British  India  and  their 
connection  with  its  Geology.    Pt.  4  (in  the  Presi)  :  Geology  of  Andaman Islands,  with  references  to  Nicobars. 

Vol.    XXXVI.  Pt.  1,  1904  (price  4  Rs.)  :  Geology  of  Spiti.    Pt.  2,  1907  (price  3  Rs.)  : 
Geology  of  Provinces  of  Tsang  and  Vl  in  Central  Tibet.    Pt.  3  (in  the Press)  :  Trias  of  the  Himalayas. 

Vol.  XXXVII.  1909.    Manganese-Ore  Deposits  of  Tndia  :  Pt.  1  (price  3  Rs.),  Introduction and  Mineralogy;  Pt.  2  (price  3  Rs).  Geology;  Pt.  3  (price  3  Rs.) Economics  and  Mining;  Pt.  4  (price  5  Rs.),  Description  of  Deposits 
Vol.  XXXVIII.  1910  (price  5  Rs.)  :  Kangra  Earthquake  of  4th  April  1905 
Vol.     XXXIX.  Pt.  1,  1910  (nrice  2  Rs.)  :  Geology  of  Northern  Afghanistan.    Pt.  2 

(in  the  Press)  :  Geology  of  Northern  Shan  States. 



PALEONTOLOGIA  1NDICA. 

(Ser.  I,  III,  V,  VI,  VIII.) — CRETACEOUS  FAUNA  OF  SOUTHERN  INDIA,  by 
V.  STOL1CZKA,  except  Vol.  I,  Pt.  1,  by  H.  F.  BL  AN  FORD. 

See.  I  &  III.— Vol.     I.  The  Cephalopoda  (1861-65),  pp.  216,  pis.  84  (6  double). 
V.— Vol.    11.  The  Gastropoda  (1867-68),  pp.  xiii,  500,  pis.  28. 

VI.— Vol.  III.  The  Pelecypoda  (1870-71),  pp.  xxii,  537,  pis.  50. 
VIII. — Vol.  IV.  The  Brachiopoda,  Ciliopoda,  Echinodermata,  Corals,  etc.  (1872- 

73),  pp.  v,  202,  pis.  29. 

(Ser.  II,  XI,  XII.)— THE  FOSSIL  FLORA  OF  THE  GONDWANA  SYSTEM,  by 
O.  FEISTMANTEL,  except  Vol.  I,  Pt.  1,  by  T.  OLDHAM  and  J.  MORRIS. 

Vol.     I,  pp.  xviii,  233,  pis.  72.    1863-79.  Pt.  1 ;  Rajmahal  Group,  Rajmahal  Hills,  Pt.  2 ; 
The  same  (continued).  Pt.  3;  Plants  from  Golapili.  Pt.  4;  Outliers  on 
the  Madras  Coast. 

Vol.    II,  pp.  xli,  115,  pis.  26.    1876-78.    Pt.  1 ;  Jurassic  Flora  of  Kach.    Pt.  2  :  Flora  of 
the  Jabalpur  Group. 

Vol.  Ill,  pp.  xi,  64+149,  pis.  80  (9  double)  (I— XXXI  +  IA— XLVIIA).  1879-81.  Pt.  1; 
The  Flora  of  the  Talchir-Karharbari  beds.  Pt.  2;  The  Flora  of  the 
Damuda  and  Panchet  Divisions.    Pt.  3;  The  same  (concluded). 

Vol.    IV,  pp.  xxvi,  25+66,  pis.  35  (2  double)  (I— XXI  +  IA— XIVA).    Pt.  1  (1882); 
Fossil  Flora  of  the  South  Rewah  Gondwana  basin.  Pt.  2  (1886) ; 
Fossil  Flora  of  some  of  the  coal-fields  in  Western  Bengal. 

(Ser.  IX.)— JURASSIC  FAUNA  OF  KACH. 

Vol.     I  (1873-76).  The  Cephalopoda,  by  W.  Waagen,  pp.  i,  247,  pis.  60  (6  double). 
Vol.    II,  pt.  1  (1893).     The  Echinoidea  of  Kach,  by  J.  W.  Gregory,  pp.  12.  pis.  2. 
Vol.    II,  pt.  2  (1900).     The  Corals,  by  J.  W.  Gregory,  pp.  196,  I— IX,  pis.  26. 
Vol.  Ill,  pt.  1  (1900).     The  Brachiopoda,  by  F.  L.  Kitchin,  pp.  87,  pis.  15. 
Vol.  Ill,  pt.  2  (1903).     Lamellibranchiata  :  Genus  Trigonia,  by  F.  L.  Kitchin,  pp.  122, 

pis.  10  (out  of  print). 

(Ser.  IV.)— INDIAN  PRE-TERTIARY  VERTEBRATA. 

Vol.  I,  pp.  vi,  137,  pis.  26.  1865-85.  Pt.  1  (1865);  the  Vertebrate  Fossils  from  the 
Panchet  rocks,  by  T.  H.  Huxley.  Pt.  2  (1878) ;  The  Vertebrate  Fossils 
of  the  Kota-Maleri  Group,  by  Sir  P.  de  M.  Grey  Egerton,  L.  C.  Miall, 
and  W.  T.  Blanford.  Pt.  3  (1879) ;  Reptilia  and  Batrachia,  by  R. 
Lydekker.  Pt.  4  (1885) ;  the  Labyrinthodont  from  the  Bijori  group, 
by  R.  Lydekker  (out  of  print).  Pt.  5  (1885) ;  The  Reptilia  and  Am- 

phibia of  the  Maleri  and  Denwa  groups,  by  R.  Lydekker  (out  of  print). 

(Ser.  X.J-INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA,  by 
R.  LYDEKKER,  except  Vol.  I,  Pt.  1,  by  R.  B.  FOOTE. 

Vol.  I,  pp.  xxx,  300,  pis.  50.  1874-80.  Pt.  1;  Rhinoceros  deccanensis.  Pt.  2;  Molar teeth  and  other  remains  of  Mammalia.  Pt.  3;  Crania  of  Ruminants. 
Pt.  4 ;  Supplement  to  Pt.  3.    Pt.  5 ;  Siwalik  and  Narbada  Proboscidia. 

Vol.  II,  pp-  xv,  363,  pis.  45.  1881-84.  Pt.  1 ;  Siwalik  Rhinocerotidae.  Pt.  2  :  Supple- ment to  Siwalik  and  Narbada  Proboscidia.  Pt.  3;  Siwalik  and  Narbada 
Equidap.  Pt.  4;  Siwalik  Camelopardalidae.  Pt.  5;  Siwalik  Selenodont 
Suina,  etc.    Pt.  6;  Siwalik  and  Narbada  Carnivora. 
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Vol.  Ill,  pp.  xxiv,  264,  pis.  38.  1884-86.  Pt.  1;  Additional  Siwalik  Perissodactyla  and 
Proboscidia.  Pt.  2;  Siwalik  and  Narbada  Bunodont  Suina.  Pt.  3j 
Eodents  and  new  Ruminants  from  the  Siwaliks.  Pt.  4;  Siwalik  Birds. 
Pt.  5 ;  Mastodon  Teeth  from  Perim  Island.  Pt.  6 ;  Siwalik  and  Nar- 

bada Chelonia.  Pt.  7;  Siwalik  Crocodilia,  Lacertilia  and  Ophidia. 
Pt.  8;  Tertiary  Fishes. 

Vol,.    IV,  pt.  1,  1886.    Siwalik  Mammalia  (Supplement  1) ;  pp.  18,  pis.  6. 
Vol.  IV,  pt.  2,  1886.  The  Fauna  of  the  Karnul  caves  (and  addendum  to  pt.  1) ;  pp.  40 

(19—58),  pis.  5  (vii— xi). 
Vol.  IV,  pt.  3,  1887.  Eocene  Chelonia  from  the  Salt-range;  pp.  7  (59 — 65),  pis.  2  (xii- xiii). 

(Ser.  VII,  XIV.) — TERTIARY  AND  UPPER  CRETACEOUS  FAUNA  OF  WESTERN 
INDIA,  by  P.  MARTIN  DUNCAN  and  W.  PERCY  SLADEN,  except  Pt.  1,  by 
F.  STOLICZKA. 

Vol.  I,  pp.  16+110+382+91  =  599,  pis.  5+28+58+13  =  104.  1871—85.  Pt.  1:  Tertiary 
Crabs  from  Sind  and  Kach.  Pt.  1  (new  2)  :  Sind  Fossil  Corals  and 
Alcyonaria;  by  P.  Martin  Duncan.  Pt.  3  :  The  Fossil  Echinoidea  of 
Sind  :  Fas.  1,  The  Cardita  beaumonti  beds;  Fas.  S,  The  Ranikot  Series 
in  Western  Sind ;  Fas.  S,  The  Khirthar  Series ;  Fas.  4,  The  Nari 
(Oligocene)  Series;  Fas.  5,  the  Gaj  (Miocene)  Series;  Fas.  6.  The 
Makran  (Pliocene)  Series ;  by  Duncan  and  Sladen.  Pt.  4  :  The  Fossil 
Echinoidea  of  Kach  and  Kattywar,  by  Duncan,  Sladen  and  Blanford. 

(Ser.  XIII.)— SALT-RANGE  FOSSILS,  by  WILLIAM  WAAGEN,  Ph.D. 

Productus-Limestone  Group  :  Vol.  I,  pt.  1  (1879).    Pisces,  Cephalopoda,  pp.  72,  pis.  6. 
„         ,,  2  (1880).    Gastropoda  and  supplement  to  pt.  1, 

pp.  Ill  (73—183),  pis.  10  (1  double),  (vii— 
xvi). 

„  „         „         „   3  (1881).    Pelecypoda,  pp.  144  (185—328),  pis.  8 (xvii — xxiv). 
„  „         „         „   4  (1882—85).    Brachiopoda,  pp.   442  (329—770), 

pis.  62  (xxv — ixxxvi). 
„  „         „         „    5  (1885).        Bryozoa — Annelidae — Echinodermata, 

pp.  64  (771— 834),  pis.  10  (lxxxvii— xcvi). 
„  „         „         „   6  (1886).  _  Coelenterata,  pp.  90  (835—924),  pis.  20 

(xcvii — cxvi). 
„  „   7  (1887).    Coelenterata,  Protozoa,  pp.  74  (t1 25 — 

998),  pis.  12  (cxvii — cxxviii). 
Fossils  from  the  Ceratite  Formation  :  Vol.  II,  pt.  1  (1895).    Pisces — Ammonoidea,  pp.  324, 

pis.  40. 
Geological  Results  :  Vol.  IV,  pt.  1  (1889),  pp.  1—88,  pis.  4  (out  of  print). 

„         „         „        „    „  2  (1891),  pp.  89—242,  pis.  8  (out  of  print). 

(See.  XV.)— HIMALAYAN  FOSSILS. 

Upper-triassic  and  liassic  fauna?  of  the  exotic  blocks  of  Malla  Johar  in  the  Bhot  Manals  of 
Kumaon  :  Vol.  I,  pt.  1  (1908),  by  Dr.  C.  Diener,  pp.  100,  pis.  16  (1  double). 

Anthracolithic  Fossils  of  Kashmir  and  Spiti  :  Vol.  I,  pt.  2  (1899),  by  Dr.  C.  Diener  pp.  96, 
pis.  8. 

The  Permocarboniferous  Fauna  of  Chittchun  No.  I  :  Vol.  I,  pt.  3  (1897)  by  Dr  C  Diener 
pp.  105,  pis.  13. 

The  Permian  Fossils  of  the  Productus  Shalos  of  Kumaon  and  Garhwal  :  Vol.  I,  pt.  4  (1897), by  Dr.  C.  Diener,  pp.  54.  pis.  5. 
The  Permian  Fossils  of  the  Central  Himalayas  :  Vol.  I,  pt.  5  (1903),  by  Dr   C  Diener 

pp.  204,  pis.  10. 
The  Cephalopoda  of  the  Lower  Trias  :  Vol.  II,  pt.  1  (1897),  by  Dr.  C.  Diener,  pn.  182, 

pis.  23. 
The  Cephalopoda  of  the  Muschelkalk  :  Vol.  II,  pt.  2  (1895),  by  Dr.  C.  Diener,  pp.  118, 

pin.  31. 
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Upper  Triassio  Cephalopoda  Fauna  of  the  Himalaya,:  Vol.  Ill,  pt.  1  (1899),  by  Dr.  E. 
von  Mojsisovics,  pp.  157,  pis.  22. 

Trias  Brachiopoda  and  Lamellibranchiata  :  VoL  III,  pt.  2  (1899),  by  Alexander  Bittner, 
pp.  76,  pis.  12  (2  double). 

The  Fauna  of  the  Spiti  Shales  :  Vol.  IV,  Pt.  1,  Fasc.  1  (1903),  pp.  132,  pis.  18;  Fasc.  2 
(1910),  pp.  133-306,  pis.  47  (2  double);  Fasc.  3  (1910),  pp.  307—395,  pis.  32.  By 
Dr.  V.  Uhlig;  Fasc.  4  [in  the  Press).    Bivalves  and  Gastropoda.    By  K.  Holdhans. 

The  Fauna  of  the  Tropites-Limestone  of  Byans  :  Vol.  V,  Memoir  No.  1  (1906),  by  Dr.  C. 
Diener,  pp.  201,  pis.  17  (1  double). 

The  Fauna  of  the  Himalayan  Muschelkalk  :  Vol.  V,  Memoir  No.  2  (1907),  by  Dr.  C. 
Diener,  pp.  140,  pis.  17  (2  double). 

Ladinic,  Carnic  and  Noric  faunae  of  Spiti  :  Vol.  V,  Memoir  No.  3  (1908),  by  Dr.  C.  Diener, 
pp.  157,  pis.  24  (3  double). 

Lower-Triassic  Cephalopoda  from  Spiti,  Malla  Johar  and  Byans  :  Vol.  VI,  Memoir  No.  1 
(1909),  by  Drs.  A.  von  Krafft  and  C.  Diener,  pp.  186,  pis.  31. 

The  Fauna  of  the  Traumatocrinus  Limestone  of  Painkhanda.  Vol.  VI,  Memoir  No.  2 
(1909),  by  Dr.  C.  Diener,  pp.  39,  pla.  5. 

The  Cambrian  Fossils  of  Spiti  :  Vol.  VII,  Memoir  No.  1  (1910),  pp.  70,  pis.  6,  by  F.  R.  C. 
Reed. 

The  Ordovician  and  Silurian  fossils  from  the  Central  Himalaya  :  Vol.  VII,  Memoir  No.  2 
(in  the  Press),  by  F.  R.  C.  Reed. 

(Seb.  XVI.)— BALUCHISTAN  FOSSILS,  by  FRITZ  NOETLINQ,  Ph.D.,  F.Q.S. 
The  Fauna  of  the  Kellaways  of  Mazar  Drik  :  Vol.  I,  pt.  1  (1895),  pp.  22,  pis.  13. 
The  Fauna  of  the  (Neocomian)  Belemnite  Beds  :  Vol.  I,  pt.  2  (1897),  pp.  6,  pis.  2. 
The  Fauna  of  the  Upper  Cretaceous  (Maestrichtien)  Beds  of  the  Mari  Hills  :  Vol.  I,  pt.  3 

(1897),  pp.  79,  pis.  23. 

(NEW  SERIES.) 

The  Cambrian  Fauna  of  the  Eastern  Salt-range  :  Vol.  I,  Memoir  1  (1899),  K.  Redlich, 
pp.  14,  pi.  1. 

Notes  on  the  Morphology  of  the  Pelecypoda  :  Vol.  I,  Memoir  2  (1899),  Fritz  Noetling, 
pp.  58,  pis.  4. 

Fauna  of  the  Miocene  Beds  of  Burma  :  Vol.  I,  Memoir  3  (1901),  Fritz  Noetling,  pp.  378, 
pis.  25  (out  of  print). 

Observations  sur  quelques  Plantes  Fossiles  des  Lower  Gondwanas  :  Vol.  II,  Memoir  1 
(1902),  R.  Zeiller,  pp.  39,  pis.  7. 

Permo-Carboniferous   (Lower  Gondwana)   Plants  and  Vertebrates  from  Kashmir  :  (1) 
Plants,  by  A.  C.  Seward ;  (2)  Fishes  and  Labyrinthodonts,  by  A.  Smith  Woodward  : 
Vol.  II,  Memoir  No.  2  (1905),  pp.  13,  pis.  3. 

The  Lower  Palaeozoic  Fossils  of  the  Northern  Shan  States,  Upper  Burma  :  Vol.  II,  Memoir 
No.  3  (1906),  by  F.  R.  C.  Reed,  pp.  154,  pis.  8. 

The  Fauna  of  the  Napeng  Beds  or  the  Rhaetic  Beds  of  Upper  Burma  :  Vol.  II,  Memoir 
No.  4  (1908),  by  Miss  M.  Healey,  pp.  88,  pis.  9. 

The  Devonian  Faunas  of  the  Northern  Shan  States  :  Vol.  II,  Memoir  No.  5  (1908),  by 
F.  R.  C.  Reed,  pp.  183,  pis.  20. 

The  Mollusca  of  the  Ranikot  Series  :  Vol.  Ill,  Pt.  1,  Memoir  No.  1  (1909),  pp.  xix,  83, 
pis.  8,  by  M.  Cossmann  and  G.  Pissarro.    Introduction,  by  E.  W.  Vredenburg. 

On  some  Fish-remains  from  the  Beds  at  Dongargaon,  Central  Provinces  :  Vol.  Ill,  Memoir 
No.  3  (1908K  by  A.  Smith  Woodward,  pp.  6,  pi.  1. 

Anthracolithic  Fossils  of  the  Shan  States  :  Vol.  Ill,  Memoir  No.  4  (in  the  Press),  by 
Dr.  C.  Diener. 

The  price  fixed  for  these  publications  is  four  annas  (4  pence)  per  single  plate,  with  a 
minimum  charge  of  Re.  1.  j 



RECORDS  OF  THE  GEOLOGICAL  SURVEY  OF  INDIA. 

Vol.  I,  1868. 

Part  1  {out  of  print).— Annual  report  for  1867.  Coal-seams  of  Tawa  valley.  Coal  in 
Garrow  Hills.    Copper  in  Bundelkund.  Meteorites. 

Part  2  {out  of  print). — Coal-seams  of  neighbourhood  of  Chanda.  Coal  near  Nagpur.  Geo- 
logical notes  on  Surat  collectorate.  Cephalopodous  fauna  of  South  Indian  cretaceous 

deposits.    Lead  in  Raipur  district.    Coal  in  Eastern  Hemisphere.  Meteorites. 
Part  S  lout  of  print). — Gastropodous  fauna  of  South  Indian  cretaceous  deposits.  Notes  on 

route  from  Poona  to  Nagpur  via"  Ahmednuggur,  Jalna,  Loonar,  Yeotmahal,  Mangali 
and  Hingunghat.  Agate-flake  in  pliocene  ( '!)  deposits  of  Upper  Godavery.  Boundary of  Vindhyan  series  in  Rajputana.  Meteorites. 

Vol.  II,  1869. 

Part  1  (out  of  print). — Valley  of  Poorna  river,  West  Berar.    Kuddapah  and  Kuvnool 
formations.    Geological  sketch  of  Shillong  plateau.    Gold  in  Singhboom,  etc.  Welle 
at  Hazareebagh.  Meteorites. 

Part  2. — Annual  report  for  1868.    Pangshura  tecta  and  other  species  of  Chelonia  from 
newer  tertiary  deposits  of  Nerbudda  valley.    Metamorphic  rocks  of  Bengal. 

Part  S. — Geology  of  Kuch,  Western  India.    Geology  and  physical  geography  of  Nicobar Islands. 
Part  If.  (out  of  print). — Beds  containing  silicified  wood  in  Eastern  Prome,  British  Burma. 

Mineralogical  statistics  of  Kumaon  division.  Coal-field  near  Chanda.  Lead  in  Raipur district.  Meteorites. 
Vol.  Ill,  1870. 

Part  1. — Annual  report  for  1869.  Geology  of  neighbourhood  of  Madras.  Alluvial  deposits 
of  Irrawadi,  contrasted  with  those  of  Ganges. 

Parts  (out  of  print).—  Geology  of-  Gwalior  and  vicinity.  Slates  at  Chiteli,  Kumaon. 
Lead  vein  near  Chicholi,  Raipur  district.  Wardha  river  coal-fields,  Berar  and  Cen- 

tral Provinces.    Coal  at  Karba  in  Bilaspur  district. 
Part  3  (out  of  print). — Mohpani  coal-field.  Lead-ore  at  Slimanabad,  Jabalpur  district. 

Coal  east  of  Chhattisgarh  between  Bilaspur  and  Ranchi.  Petroleum  in  Burma.  Petro- 
leum locality  of  Sudkal,  near  Futtijung,  west  of  Rawalpindi.  Argentiferous  galena 

and  copper  in  Manbhum.    Assays  of  iron  ores. 
Part  b  (out  of  print).— Geology  of  Mount  Tilla,  Punjab.  Copper  deposits  of  Dalbhum 

and  Singbhum  :  1.— Copper  mines  of  Singbhum  :  2.— Copper  of  Dalbhum  and  Sing- bhum.  Meteorites. 
Vol.  IV,  1871. 

Part  /.—Annual  report  for  1870.  Alleged  discovery  of  coal  near  Gooty,  and  of  indications of  coal  in  Cuddapah  district.    Mineral  statistics  of  Kumaon  division. 
Part  2.—  Axial  group  in  Western  Prome.  Geological  structure  of  Southern  Konkan. Supposed  occurrence  of  native  antimony  in  the  Straits  Settlements.  Deposit  in  boilers 

of  steam-engines  at  Raniganj.  Plant-bearing  sandstones  of  Godavari  valley,  on  south- 
ern extensions  of  Kamthi  group  to  neighbourhood  of  Ellore  and  Rajamand'ri,  and  on possible  occurrence  of  coal  in  same  direction. 

Part  8.— Borings  for  coal  in  Godavari  valley  near  Dumagudem  and  Bhadrachalam 
Narbada  coal-basin.  Geology  of  Central  Provinces.  Plant-bearing  sandstones  of Godavari  valley. 

Part  1,.—  Ammonite  fauna  of  Kutch.  Raigur  and  Hengir  (Gangpur)  Coal-field.  Sandstones in  neighbourhood  of  first  barrier  on  Godavari,  and  in  country  between  Godavari  and Ellore. 
Vol.  V,  1872. 

Part  1.— Annual  report  for  1871.  Relations  of  rocks  near  Murree  (Mari),  Punjab  Mineral ogical  notes  on  gneiss  of  South  Mirzapur  and  adjoining  country.  Sandstones  in neighbourhood  of  first  barrier  on  Godavari,  and  in  country  between  Godavari  and Ellore. 
Part  2  — Coasts  of  Baluchistan  and  Persia  from  Karachi  to  head  of  Persian  Gulf  and Rome  of  Gulf  Islands.  Parts  of  Knmmnmmet  and  Hanamconda  districts  in  Niznm'n Dominions.  Geology  of  Orissa.  New  coal-field  in  south-eastern  Hyderabad  (Deccan) territory.  '  * 



Part  3.— Maskat  and  Massandim  on  east  coast  of  Arabia.    Example  of  local  jointing. 
Axial  group  of  Western  Prome.    Geology  of  Bombay  Presidency. 

Part  4. — Coal  in  northern  region  of  Satpura  basin.    Evidence  afforded  by  raised  oyster 
banks  on  coasts  of  India,  in  estimating  amount  of  elevation  indicated  thereby. 
Possible  field  of  coal-measures  in  Godavari  district,  Madras  Presidency.  Lameta  or 
intratrappean  formation  of  Central  India.  Petroleum  localities  in  Pegu.  Supposed 
eozoonal  limestone  of  Yellam  Bile. 

Vol.  VI,  1873. 

Part  1. — Annual  report  for  1872.    Geology  of  North-West  Provinces. 
Part  2. — Bisrampur  coal-field.  Mineralogical  notes  on  gneiss  of  south  Mirzapur  and  ad- 

joining country. 
Part  3. — Celt  in  ossiferous  deposits  of  Narbada  valley  (Pliocene  of  Falconer)  :  on  age  of 

deposits,  and  on  associated  shells.  Barakars  (coal-measures)  in  Beddadanole  field, 
Godavari  district.  Geology  of  parts  of  Upper  Punjab.  Coal  in  India.  Salt-springs 
of  Pegu. 

Part  4. — Iron  deposits  of  Chanda  (Central  Provinces).  Barren  Islands  and  Narkondam. Metalliferous  resources  of  British  Burma. 

Vol.  VII,  1874. 

Part  1  (out  of  print). — Annual  report  for  1873.  Hill  ranges  between  Indus  valley  in  Ladak 
and  Shah-i-Dula  on  frontier  of  Yarkand  territory.  Iron  ores  of  Kumaon.  Raw 
materials  for  iron-smelting  in  Raniganj  field.  Elastic  sandstone,  or  so-called  Itaco- 
lumyte.    Geological  notes  on  part  of  Northern  Hazaribagh. 

Part  2  (out  of  print). — Geological  notes  on  route  traversed  by  Yarkand  Embassy  from 
Shah-i-Dula  to  Yarkand  and  Kashgar.  Jade  in  Karakas  valley,  Turkistan.  Notes 
from  Eastern  Himalaya.  Petroleum  in  Assam.  Coal  in  Garo  Hills.  Copper  in 
Narbada  valley.  Potash-salt  from  East  India.  Geology  of  neighbourhood  of  Mari 
hill  station  in  Punjab. 

Part  3. — Geological  observations  made  on  a  visit  to  Chaderkul,  Thian  Shan  range. 
Former  extension  of  glaciers  within  Kangra  district.  Building  and  ornamental  stones 
of  India.  Materials  for  iron  manufacture  in  Raniganj  coal-field.  Manganese-ore  in 
Wardha  coal-field. 

Part  4  (out  of  print). — Auriferous  rocks  of  Dhambal  hills,  Dharwar  district.  Antiquity 
of  human  race  in  India.  Coal  recently  discovered  in  the  country  of  Luni  Pathans, 
south-east  corner  of  Afghanistan.  Progress  of  geological  investigation  in  Godavari 
district,  Madras  Presidency.    Subsidiary  materials  for  artificial  fuel. 

Vol.  VIII,  1875. 

Part  1. — Annual  report  for  1874.  The  Altum-Artush  considered  from  geological  point  of 
view.  Evidences  of  '  ground-ice  '  in  tropical  India,  during  Talchir  period.  Trials  of 
Raniganj  fire-bricks. 

Part  2  (out  of  print). — Gold-fields  of  south-east  Wynaad,  Madras  Presidency.  Geological 
notes  on  Khareean  hills  in  Upper  Punjab.  Water-bearing  strata  of  Surat  district. 
Geology  of  Scindia's  territories. 

Part  3  (out  of  print). — Shahpur  coal-field,  with  notice  of  coal  explorations  in  Narbada 
region.    Coal  recently  found  near  Mofiong,  Khasia  Hills. 

Part  If  (out  of  print). — Geology  of  Nepal.    Raigarh  and  Hingir  coal-fields. 
Vol.  IX,  1876. 

Part  1  (out  of  print). — Annual  report  for  1875.    Geology  of  Sind. 
Part  2. — Retirement  of  Dr.  Oldham.  Age  of  some  fossil  floras  in  India.  Cranium  of 

Stegodon  Ganesa,  with  notes  on  sub-genus  and  allied  forms.  Sub-Himalayan  series  in 
Jamu  (Jammoo)  Hills. 

Part  3. — Fossil  floras  in  India.  Geological  age  of  certain  groups  comprised  in  Gondwana 
series  of  India,  and  on  evidence  they  afford  of  distinct  zoological  and  botanical  terres- 

trial regions  in  ancient  epochs.  Relations  of  fossiliferous  strata  at  Maleri  and  Kota, 
near  Sironcha,  C.  P.    Fossil  mammalian  faunae  of  India  and  Bnrma. 

Part  If. — Fossil  floras  in  India.  Osteology  of  Merycopotamus  dissimilis.  Addenda  and 
Corrigenda  to  paper  on  tertiary  mammalia.  Plesiosaurus  in  India.  Geology  of  Pir 
Panjal  and  neighbouring  districts. 

Vol.  X,  1877. 
Part  1. — Annual  report  for  1876.  Geological  notes  on  Great  Indian  Desert  between  Sind 

and  Rajputana.  Cretaceous  genua  Omphalia  near  Nameho  lake,  Tibet,  about  75  miles 
north  of  Lhassa.  Estheria  in  Gondwana  formation.  Vertebrata  from  Indian  tertiary 
and  secondary  rocks.  New  Emydine  from  the  upper  tertiaries  of  Northern  Punjab. 
Observations  on  under-ground  temperature. 
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Part  2  lout  of  print).— Rocks  of  the  Lower  Godavari.  '  Atgarh  Sandstones  near  Cuttack. 
Fossil  floras  in  India.  New  or  rare  mammals  from  the  Siwahks.  Arvali  series  in 

North-Eastern  Rajputana.    Borings  for  coal  in  India.    Geology  of  India.  ' 
Part  3  {out  of  print).— Tertiary  zone  and  underlying  rocks  in  North-West  Punjab.  i?ossil 

floras  in  India.  Erratics  in  Potwar.  Coal  explorations  in  Darjiling  district,  lime- 
stones in  neighbourhood  of  Barakar.  Forms  of  blowing-machme  used  by  smiths  ol Upper  Assam.    Analyses  of  Raniganj  coals. 

Part  l»-Geology  of  Mahanadi  basin  and  its  vicinity.  Diamonds,  golds,  and  lead  ores  01 

Sambalpur  district.  '  Eiyon  Comp.  Barrovensis,'  McCoy,  from  Sripermatur  group 
near  Madras.  Fossil  floras  in  India.  The  Blaini  group  and  'Central  Gneiss  in 
Simla  Himalayas.  Tertiaries  of  North-West  Punjab.  Genera  Chceromeryx  and Rhagatherium. 

Vol.  XI,  1878. 

Part  1.— Annual  report  for  1887.    Geology  of  Upper  Godavari  basin,  between  river 
Wardha  and  Godavari,  near  Sironcha.    Geology  of  Kashmir,  Kishtwar,  and  Pangi. 

Siwalik  mammals.    Palaeontological   relations  of  Gondwana  system.    '  Erratics  in 
Punjab.'  . 

Part  2— Geology  of  Sind  (second  notice).    Origin  of  Kumaun  lakes.    Trip  over  Milam 
Pass,  Kumaun.    Mud  volcanoes  of  Ramri  and  Cheduba.    Mineral  resources  of  Ramri, 
Cheduba  and  adjacent  islands. 

Part  3.— Gold  industry  in  Wynaad.    Upper  Gondwana  series  in  Trichinopoly  and  Nellore- Kistna  districts.    Senarmontite  from  Sarawak. 
Part  4. — Geological  distribution  of  fossil  organisms  in  India.    Submerged  forest  on 

Bombay  Island. 
Vol.  XII,  1879. 

Part  1. — Annual  report  for  1878.  Geology  of  Kashmir  (third  notice).  Siwalik  mammalia. 
Siwalik  birds.  Tour  through  Hangrang  and  Spiti.  Mud  eruption  in  Ramri  Island 
(Arakan).  Braunite,  with  Rhodonite,  from  Nagpur,  Central  Provinces.  Paleeontologi- 
cal  notes  from  Satpura  coal-basin.    Coal  importations  into  India. 

Part  2. — Mohpani  coal-field.  Pyrolusite  with  Psilomelane  at  Gosalpur,  Jabalpur  district. 
Geological  reconnaissance  from  Indus  at  Kushalgarh  to  Kurram  at  Thai  on  Afghan 
frontier.    Geology  of  Upper  Punjab. 

Part  3. — Geological  features  of  northern  Madura,  Pudukota  State,  and  southern  parts  of 
Tanjore  and  Trichinopoly  districts  included  within  limits  of  sheet  80  of  Indian  Atlas. 
Cretaceous  fossils  from  Trichinopoly  district,  collected  in  1877-78.  Sphenophyllum  and 
other  Equisetaceae  with  reference  to  Indian  form  Trizygia  Speciosa,  Royle  (Spheno- 

phyllum Trizygia,  Ung.).  Mysorin  and  Atacamite  from  Nellore  district.  Corundum 
from  Khasi  Hills.    Joga  neighbourhood  and  old  mines  on  Nerbudda. 

Part  4- — '  Attock  Slates  '  and  their  probable  geological  position.  Marginal  bone  of  unde- scribed  tortoise,  from  Upper  Siwaliks,  near  Nila,  in  Potwar,  Punjab.  Geology  of 
North  Arcot  district.    Road  section  from  Murree  to  Abbottabad. 

Vol.  XIII,  1880. 

Part  1. — Annual  report  for  1879.  Geology  of  Upper  Godavari  basin  in  neighbourhood  of 
Sironcha.  Geology  of  Ladak  and  neighbouring  districts.  Teeth  of  fossil  fishes  from 
Ramri  Island  and  Punjab.  Fossil  genera  Noggerathia,  Stbg.,  Noggerathiopsis,  Fstm., 
and  Rhiptozamites,  Schmalh.,  in  palaeozoic  and  secondary  rocks  of  Europe,  Asia,  and 
Australia.  Fossil  plants  from  Kattywar,  Shekh  Budin,  and  Sirgujah.  Volcanic  foci 
of  eruption  in  Konkan. 

Part  t. — Geological  notes.  Paloeontological  notes  on  lower  trias  of  Himalayas.  Artesian 
wells  at  Pondicherry,  and  possibility  of  finding  sources  of  water-supply  at  Madras. 

Part  3. — Kumaun  lakes.  Celt  of  palaeolithic  type  in  Punjab.  Palaeontological  notes  from Karharbari  and  South  Rcwa  coal-fields.  Correlation  of  Gondwana  flora  with  other 
floras.  Artesian  welb  at  Pondicherry.  Salt  in  Rajputana.  Gas  and  mud  eruptions on  Arakan  coast  on  12th  March  1879  and  in  June  1843. 

Part  4.—  Pleistocene  deposits  of  Northern  Punjab,  and  evidence  they  afford  of  extreme 
climate  during  portion  of  that  period.  Useful  minerals  of  Arvali  region.  Correlation 
of  Gondwana  flora  with  that  of  Australian  coal-bearing  system.  Reh  or  alkali  soils 
and  saline  well  waters.  Reh  soils  of  Upper  India.  Naini  Tal  landslip,  18th  Septem- ber 1880. 

I  Vol.  XIV,  1881. 
Part  1.—  Annual  report  for  1880.  Geology  of  part  of  Daidistan,  Baltistan,  and  neighbour- ing districts.  Siwalik  carnivora.  Siwalik  group  of  Sub  Himalayan  region.  South Re\\ah  Gondwana  basin.  Ferruginous  beds  associated  with  basaltic  rocks  of  north 

eastern  Ulster,  in  relation  to  Indian  laterite.  Rajmahal  plants.  Travelled  blocks  of 
the  Punjab.  Appendix  to  '  Paheontological  notes  on  lower  trias  of  Himalayas.'  Mam- malian fossils  from  Perim  Island. 
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Part  2. — Nahan-Siwalik  unconformity  in  North-Western  Himalaya.  Gondwana  verte- 
brates. Ossiferous  beds  of  Hundes  in  Tibet.  Mining  records  and  mining  record  office 

of  Great  Britain;  and  Coal  and  Metalliferous  Mines  Acts  of  1872  (England).  Cobaltite 
and  danaite  from  Khetri  mines,  Rajputana;  with  remarks  on  Jaipurite  (Syepoorite). 
Zinc-ore  (Smithsonite  and  Blende)  with  barytes  in  Karnul  district,  Madras.  Mud 
eruption  in  island  of  Cheduba. 

Part  S. — Artesian  borings  in  India.  Oligoclase  granite  at  Wangtu  on  Sutlej,  North- West 
Himalayas.  Fish-palate  from  Siwaliks.  Palaeontological  notes  from  Hazaribagh  and 
Lohardagga  districts.    Fossil  carnivora  from  Siwalik  hills. 

Part  J,. — Unification  of  geological  nomenclature  and  cartography.  Geology  of  Arvali  region, 
central  and  eastern.  Native  antimony  obtained  at  Pulo  Obin,  near  Singapore.  Tur- 
gite  from  Juggiapett,  Kistnah  district,  and  zinc  carbonate  from  Karnul,  Madras. 
Section  from  Dalhousie  to  Pangi,  via"  Sach  Pass.  South  Rewah  Gondwana  basin. Submerged  forest  on  Bombay  Island. 

Vol.  XV,  1882. 

Part  1  {out  of  print). — Annual  report  for  1881.  Geology  of  North- West  Kashmir  and 
Khagan.  Gondwana  labyrinthodonts.  Siwalik  and  Jamna  mammals.  Geology  of 
Dalhousie,  North-West  Himalaya.  Palm  leaves  from  (tertiary)  Murree  and  Kasauli 
beds  in  India.  Iridosmine  from  Noa-Dihing  river,  Upper  Assam,  and  Platinum  from 
Chutia  Nagpur.  On  (1)  copper  mine  near  Yongri  hill,  Darjiling  district;  (2)  arsenical 
pyrites  in  same  neighbourhood ;  (3)  koalin  at  Darjiling.  Analyses  of  coal  and  fire-clay 
from  Makum  coal-field,  Upper  Assam.  Experiments  on  coal  of  Pind  Dadun  Khan, 
Salt-range,  with  reference  to  production  of  gas,  made  April  29th,  1881.  Proceedings 
of  International  Congress  of  Bologna. 

Part  2  (out  of  print). — Geology  of  Travancore  State.  Warkilli  beds  and  reported  asso- 
ciated deposits  at  Quilon,  in  Travancore.  Siwalik  and  Narbada  fossils.  Coal-bearing 

rocks  of  Upper  Eer  and  Mand  rivers  in  Western  Chutia  Nagpur.  Pench  river  coal- 
field in  Chhindwara  district,  Central  Provinces.  Borings  for  coal  at  Engsein,  British 

Burma.  Sapphires  in  North- Western  Himalaya.  Eruption  of  mud  volcanoes  in 
Cheduba. 

Part  S. — Coal  of  Mach  (Much)  in  Bolan  Pass,  and  of  Sharigh  on  Harnai  route  between 
Sibi  and  Quetta.  Crystals  of  stilbite  from  Western  Ghats,  Bombay.  Traps  of  Darang 
and  Mandi  in  North- Western  Himalayas.  Connexion  between  Hazara  and  Kashmir 
series.    Umaria   coal-field  (South  Rewah  Gondwana  basin).    Daranggiri  coal-field, 
Garo  Hills,  Assam.    Coal  in  Myanoung  division,  Henzada  district. 

Part  4  {out  of  print). — Gold-fields  of  Mysore.    Borings  for  coal  at  Beddadanol,  Godavari 
district,  in  1874.    Supposed  occurrence  of  coal  on  Kistna. 

Vol.  XVI,  1883. 

Part  1. — Annual  report  for  1882.  Richthofenia,  Kays  (Anomia  Lawrenciana,  Koninck). 
Geology  of  South  Travancore.    Geology  of  Chamba.    Basalts  of  Bombay. 

Part  2. — Synopsis  of  fossil  vertebrata  of  India.  Bijori  Labyrinthodont.  Skull  of  Hippo- 
therium  antilopinum.  Iron  ores,  and  subsidiary  materials  for  manufacture  of  iron,  in 
north-eastern  part  of  Jabalpur  district.  Laterite  and  other  manganese-ore  occurring 
at  Gosulpore,  Jabalpur  district.    Umaria  coal-field. 

Part  S. — Microscooic  structure  of  some  Dalhousie  rocks.  Lavas  of  Aden.  Probable  occur- 
rence of  Siwalik  strata  in  China  and  Japan.  Mastodon  angustidens  in  India.  Traverse 

between  Almora  and  Mussooree.  Cretaceous  coal-measures  at  Borsora,  in  Khasia  Hills, 
near  Laour,  in  Sylhet. 

Part  If. — Palaeontological  notes  from  Daltonganj  and  Hutar  coal-fields  in  Chota  Nagpur. 
Altered  basalts  of  Dalhousie  region  in  North- Western  Himalayas.  Microscopic  struc- 

ture of  some  Sub-Himalayan  rocks  of  tertiary  age.  Geology  of  Jaunsar  and  Lower 
Himalayas.  Traverse  through  Eastern  Khasia,  Jaintia,  and  North  Cachar  Hills. 
Native  lead  from  Maulmain  and  chromite  from  the  Andaman  Islands.  Fiery  eruption 
from  one  of  mud  volcanoes  of  Cheduba  Island,  Arakan.  Irrigation  from  wells  in 
North- Western  Provinces  and  Oudh. 

Vol.  XVII,  1884. 

Part  J. — Annual  report  for  1883.  Smooth-water  anchorages  or  mud-banks  of  Narrakal  and 
Alleppy  on  Travancore  coast.  Billa  Bargain  and  other  caves  in  Kurnool  district. 
Geology  of  Chauari  and  Sihunta  parganas  of  Chamba.  Lyttonia,  Waagen,  in  Kuling 
series  of  Kashmir. 

Part  2. — Earthquake  of  31st  December  1881.  Microscopic  structure  of  some  Himalayan 
granites  and  gneissose  granites.  Choi  coal  exploration.  Re-discovery  of  fossils*  in Siwalik  beds.  Mineral  resources  of  the  Andaman  Islands  in  neighbourhood  of  Port 
Blair.    Intertrappean  beds  in  Deccan  and  Laramie  group  in  Western  North  America. 
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-Part  3  (out  of  print). — Microscopic  structure  of  some  Arvali  rocks.  Section  along  Indus 
from  Peshawar  Valley  to  Salt-range.  Sites  for  boring  in  Raigarh-Hingir  coal-field 
(first  notice).  Lignite  near  Raipore,  Central  Provinces.  Turquoise  mines  of  Nishapur, 
Khorassan.  Fiery  eruption  from  Minbyin  mud  volcano  of  Cheduba  Island,  Arakan. 
Langrin  coal-field,  South-Western  Khasia  Hills.    Umaria  coal-field. 

Part  Jf. — Geology  of  part  of  Gangasulan  pargana  of  British  Garhwal.  Slates  and  schists 
imbedded  in  gneissose  granite  of  North- West  Himalayas.  Geology  of  Takht-i-Sulei- 
man.  Smooth-water  anchorages  of  Travancore  coast.  Auriferous  sands  of  the  Suban- 
siri  river,  Pondicherry  lignite,  and  phosphatic  rocks  at  Musuri.    Billa  Surgam  caves. 

Vol.  XVIII,  1885. 

Part  1. — Annual  report  for  1884.  Country  between  Singareni  coal-field  and  Kistna  river. 
Geological  sketch  of  country  between  Singareni  coal-field  and  Hyderabad.  Coal  and 
limestone  in  Doigrung  river  near  Golaghat,  Assam.  Homotaxis,  as  illustrated  froin 
Indian  formations.    Afghan  field  notes. 

Part  2. — Fossiliferous  series  in  Lower  Himalaya,  Garhwal.  Age  of  Mandhali  series  in 
Lower  Himalaya.  Siwalik  camel  (Camelus  Antiquus,  nobis  ex  Falc.  and  Caut.  MS.). 
Geology  of  Chamba.  Probability  of  obtaining  water  by  means  of  artesian  wells  in 
plains  of  Upper  India.  Artesian  sources  in  plains  of  Upper  India.  Geology  of  Aka 
Hills.  Alleged  tendency  of  Arakan  mud  volcanoes  to  burst  into  eruption  most 
frequently  during  rains.    Analyses  of  phosphatic  nodules  and  rock  from  Mussooree. 

Part  3. — Geology  of  Andaman  Islands.  Third  species  of  Merycopotamus.  Percolation  as 
affected  by  current.  Pirthalla  and  Chandpur  meteorites.  Oil-wells  and  coal  in 
Thayetmyo  district,  British  Burma.  Antimony  deposits  in  Maulmain  district.  Kash- 

mir earthquake  of  30th  May  1885.    Bengal  earthquake  of  14th  July  1885. 
■Part  /f. — Geological  work  in  Chhattisgarh  division  of  Central  Provinces.  Bengal  earth- 

quake of  14th  July  1885.  Kashmir  earthquake  of  30th  May  1885.  Excavations  in 
Billa  Surgam  caves.    Nepaulite.    Sabetmahet  meteorite. 

Vol.  XIX,  1886. 

Part  1. — Annual  report  for  1885.  International  Geological  Congress  of  Berlin.  Palasozoic 
Fossils  in  Olive  group  of  Salt-range.  Correlation  of  Indian  and  Austrplian  coal- 
bearing  beds.  Afghan  and  Persian  Field-notes.  Section  from  Simla  to  Wangtu,  and 
petrological  character  of  Amphibolites  and  Quartz  Diorites  of  Sutlej  valley. 

Part  2. — Geology  of  parts  of  Bellary  and  Anantapur  districts.  Geology  of  Upper  Dehing 
basin  in  Singpho  Hills.  Microscopic  characters  of  eruptive  rocks  from  Central  Hima- 

layas. Mammalia  of  Karnul  Caves.  Prospects  of  finding  coal  in  Western  Raj^utana. 
Olive  group  of  Salt-range.    Boulder-beds  of  Salt-range.    Gondwana  Homotaxis. 

Part  3. — Geological  sketch  of  Vizagapatam  district,  Madras.  Geology  of  Northern  Jesal- 
mer.  Microscopic  structure  of  Malani  rocks  of  Arvali  region.  Malanjkhandi  copper- 
ore  in  Balaghat  district,  C.  P. 

Part  Jt  (out  of  print). — Petroleum  in  India.  Petroleum  exploration  at  Khatan.  Boring  in 
Chhattisgarh  coal-fields.  Field-notes  from  Afghanistan  :  No.  3,  Turkistan.  Fiery 
eruption  from  one  of  mud  volcanoes  of  Cheduba  Island,  Arakan.  Nammianthal 
aerolite.    Analysis  of  gold  dust  from  Meza  valley,  Upper  Burma. 

Vol.  XX,  1887. 

Part  1. — Annual  report  for  1886.  Field-notes  from  Afghanistan  :  No.  4,  from  Turkistan 
to  India.  Physical  geology  of  West  British  Garhwal ;  with  notes  on  a  route  traversed 
through  Jaunsar-Bawar  and  Tiri-Garhwal.  Geology  of  Garo  Hills.  Indian  image- 
stones.  Soundings  recently  taken  off  Barren  Island  and  Narcondam.  Talchir  boulder- 
beds.    Analysis  of  1  hosphatic  Nodules  from  Salt-range,  Punjab. 

Part  2. — Fossil  vertebrata  of  India.  Echinoidea  of  cretaceous  series  of  Lower  Narbada 
Valley.  Field-notes  :  No.  5 — to  accompany  geological  sketch  map  of  Afghanistan  and 
North-Eastern  Khorassan.  Microscopic  structure  of  Rajmnhai  and  Deccan  traps. 
Dolerite  of  Chor.  Identity  of  Olive  series  in  oast  with  speckled  sandstone  in  west  of 
Salt-range  in  Punjab. 

Part  3. — Retirement  of  Mr.  Medlicolt.  J.  B.  Mushketoff's  Geology  of  Russian  Turkistan. Crystalline  and  metamorphic  rocks  of  Lower  Himalaya,  Garhwal,  and  Kumaun,  Soo- 
tion  I.    Geology  of  Simla  and  Jutogh.    1  Lalitpur  '  meteorite. 

Part  !,. — Points  in  Himalayan  geology.  Crystalline  and  metamorphic  rocks  of  Lower 
Himalaya,  Garhwal,  and  Kumaun.  Section  II.  Iron  industry  of  western  portion  of 
Raipur.  Notes  on  Upper  Burma.  Boring  explor.ition  in  Chattisgarh  coal-fields. 
(Second  notice).  Pressure  Metamorphism,  with  reference  to  foliation  of  Himalayan 
gneissose  Granite.    Papers  on  Himalayan  Geology  and  Microscopic  Petrology. 
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Vol.  XXI,  1888. 

Part  1. — Annual  report  for  1887.  Crystalline  and  metamorphic  rocks  of  Lower  Himalaya, 
Garhwal,  and  Kumaun,  Section  ill.  Birds  -nest  of  Elephant  Island,  Me^gui  Archi- 

pelago. Exploration  of  Jessalmer,  with  a  view  to  discovery  of  coal.  Facetted  pebble 
from  boulder  bed  ('  speckled  sandstone ')  of  Mount  Chel  in  Salt-range,  Punjab. Nodular  stones  obtained  off  Colombo. 

Part  2. — Award  of  Wollaston  Gold  Medal,  Geological  Society  of  London,  1888.  Dharwar 
System  in  South  India.  Igneous  rocks  of  Eaipur  and  Balaghat,  Central  Provinces. 
Sangar  Marg  and  RIehowgale  coal-fields,  Kashmir. 

Part  3. — Manganese  Iron  and  Manganese  Ores  of  Jabalpur.  '  The  Carboniferous  Glacial 
Period.'    Pre-teitiary  sedimentary  formations  of  Simla  region  of  Lower  Himalayas. 

Part  If. — Indian  fossil  vertebrates.  Geology  of  North-West  Himalayas.  Blown-sand  rock 
sculpture.    Nummulites  in  Zanskar.    Mica  traps  from  Barakar  and  Raniganj. 

Vol.  XXII,  1889. 

Part  1  (out  of  print). — Annual  report  for  1888.  Dharwar  System  in  South  India.  Wajra. 
Karur  diamonds,  and  M.  Chaper's  alleged  discovery  of  diamonds  in  pegmatite. 
Generic  position  of  so-called  Plesiosaarus  Indicus.  Flexible  sandstone  or  Itacolumite, 
its  nature,  mode  of  occurrence  in  India,  and  cause  of  its  flexibility.  Siwalik  and 
Narbada  Chelonia. 

Part  3. — Indian  Steatite.  Distorted  pebbles  in  Siwalik  conglomerate.  '  Carboniferous 
Glacial  Period.'  Notes  on  Dr.  W.  Waagen's  "  Carboniferous  Glacial  Period."  Oil- fields of  Twingoung  and  Berne,  Burma.  Gypsum  of  Nehal  Nadi,  Kumaun.  Materials 
for  pottery  in  neighbourhood  of  Jabalpur  and  Umaria. 

Part  3. — Coal  outcrops  in  Sharigh  Valley,  Baluchistan.  Trilobites  in  Neobolus  beds  of 
Salt-range.  Geological  notes.  Cherra  Poonjee  coal-field,  in  Khasia  Hills.  Cobalti- 
ferous  Matt  from  Nepal.  President  of  Geological  Society  of  London  on  International 
Geological  Congress  of  1888.    Tin-mining  in  Mergui  district. 

Part  If  (out  of  print). — Land-tortoises  of  Siwaliks.  Pelvis  of  a  ruminant  from  Siwaliks. 
Assays  from  Sambhar  Salt-Lake  in  Rajputana.  Manganiferous  iron  and  Manganese 
Ores  of  Jabalpur.  Palagonite-bearing  traps  of  Rajmahal  hills  and  Deccan.  Tin- 
smelting  in  Malay  Peninsula.  Provisional  Index  of  Local  Distribution  of  Important 
Minerals,  Miscellaneous  Minerals,  Gem  Stones  and  Quarry  Stones  in  Indian  Empire. 
Part  1. 

Vol.  XXIII,  1890. 

Part  1. — Annual  report  for  1889.  Lakadong  coal-fields,  Jaintia  Hills.  Pectoral  and  pelvic 
girdles  and  skull  of  Indian  Dicynodonts.  Vertebrate  remains  from  Nagpur  district 
(with  description  of  fish-skull).  Crystalline  and  metamorphic  rocks  of  Lower  Hima- 

layas, Garhwal  and  Kumaun,  Section  IV.  Bivalves  of  Olive-group,  Salt-rango. 
Mud  banks  of  Travancore  coasts. 

Part  2  (out  of  print). — Petroleum  explorations  in  Harnai  district,  Baluchistan.  Sapphire 
Mines  of  Kashmir.  Supposed  Matrix  of  Diamond  at  Wajra  Karur,  Madras.  Sonapek 
Gold-field.  Field  notes  from  Shan  Hills  (Upper  Burma).  New  species  of  Syring- 
osphseridae. 

Part  3  (out  of  print). — Geology  and  Economic  Resources  of  Country  adjoining  Sind-Pishin 
Railway  between  Sharigh  and  Spintangi,  and  of  country  between  it  and  Khattan. 
Journey  through  India  in  1888-89,  by  Dr.  Johannes  Walther.  Coal  fields  of  Lairungao, 
Maosandram,  and  Mao-be-lar-kar,  in  the  Khasi  Hills.  Indian  Steatite.  Provisional 
Index  of  Local  Distribution  of  Important  Minerals.  Miscellaneous  Minerals,  Gem 
Stones,  and  Quarry  Stones  in  Indian  Empire. 

Part  If  (out  of  print). — Geological  sketch  of  Naini  Tal ;  with  remarks  on  natural  conditions 
governing  mountain  slopes.  Fossil  Indian  Bird  Pones.  Darjiling  Coal  between  Lisu 
and  Ramthi  rivers.  Basic  Eruptive  Rocks  of  Kadapah  Area.  Deep  Boring  at  Luck- 
now.    Coal  Seam  of  Dore  Ravine,  Hazara. 

Vol.  XXIV,  1891. 

Part  1. — Annual  report  for  1890.  Geology  of  Salt-range  of  Punjab,  with  re-considered 
theory  of  Origin  and  Age  of  Salt-Marl.  Graphite  in  decomposed  Gneiss  (Laterite)  in 
Ceylon.  Glaciers  of  Kabru,  Pandim,  etc.  Salts  of  Sambhar  Lake  in  Ra  jputana,  and 
'  Reh  '  from  Aligarh  in  North-Western  Provinces.  Analysis  of  Dolomite  from  Salts 
range,  Punjab. 

part  2.  Oil  near  Moghal  Kot,  in  Sher.ini  country,  Suleiman  Hills.    Mineral  Oil  from- 
Suleiman  Hills.  Geology  of  Lushai  Hills.  Coal-fields  in  Northern  Shan  States. 
Reported  Namseka  Ruby-mine  in  Mainglon  State.  Tourmaline  (S«"*orl)  Mines  in: 
Mainglon  State.— Salt-spring  near  Bawgyo,  Thibaw  State. 

12 



Part  3  (out  of  print). — Boring  in  Daltongunj  Coal-field,  Palamow.  Death  of  Dr.  P.  Martin 
Duncan.    Pyro*enic  varieties  of  Gneiss  and  Scapolite-bearing  Rocks. 

Fart  If. — Mammalian  Bones  from  Mongolia.  Darjiling  Coal  Exploration.  Geology  and 
Mineral  Resources  of  Sikkim.    Rocks  from  the  Salt-range,  Punjab. 

Vol.  XXV,  1892. 
Part  1. — Annual  report  for  1891.  Geology  of  Thai  Chotiali  and  part  of  Mari  country. 

Petroiogical  Notes  on  Boulder-bed  of  Salt-range,  Punjab.  Sub-recent  and  Recent 
Deposits  of  valley  plains  of  Quetta,  Pishin,  and  Dasht-i-Bedaolat ;  with  appendices  on 
Chamans  of  Quetta  ;  and  Artesian  water-supply  of  Quetta  and  Pishin. 

Part  2  (out  of  print). — Geology  of  Safed  Koh.    Jherria  Coal-field. 
Part  3. — Locality  of  Indian  Tscheffkinite.  Geological  Sketch  of  country  north  of  Bhaino. 

Economic  resources  of  Amber  and  Jade  mines  area  in  Upper  Burma.  Iron-ores  and 
Iron  Industries  of  Salem  District.  Riebeckite  in  India.  Coal  on  Great  Tenasseriro 
River,  Lower  Burma. 

Part  If. — Oil  Springs  at  Moghal  Kot  in  Shirani  Hills.  Mineral  Oil  from  Suleiman  Hills. 
New  Amber-like  Resin  in  Burma.    Triassic  Deposits  of  Salt-range. 

Vol.  XXVI,  1893. 

Part  1. — Annual  report  for  1892.  Central  Himalayas.  Jadeite  in  Upper  Burma.  Bur- 
mite,  new  Fossil  Resin  from  Upper  Burma.  Prospecting  Operations,  Mergui  District, 
1891-92. 

Part  2. — Earthquake  in  Baluchistan  on  20th  December  1892.  Burmite,  new  amber-like 
fossil  resin  from  Upper  Burma.  Alluvial  deposits  and  Subterranean  water-supply  of 
Rangoon. 

Part  3. — Geology  of  Sherani  Hills.    Carboniferous  Fossils  from  Tenasserim.    Boring  at 
Chandernagore.    Granite  in  Tavoy  and  Mergui. 

Part  If. — Geology  of  country  between  Chappar  Rift  and  Harnai  in  Baluchistan.  Geology 
of  part  of  Tenasserim  Valley  with  special  reference  to  Tendau-Kam;ipying  Coal-field. 
Magnetite  containing  Manganese  and  Alumina.  Hislopite. 

Vol.  XXVII.  1894. 

Part  1. — Annual  report  for  1893.    Bhaganwala  Coal -field,  Salt-range,  Punjab. 
Part  2. — Petroleum  from   Burma.    Singareni   Coal-field,   Hyderabad    (Deccan).  Gohna 

Landslip,  Garhwal. 
Part  S. — Cambrian  Formation  of  Eastern  Salt-range.  Giridih  (Karharban;  Coal-fielde 

Chipped  (  ?)  Flints  in  Upper  Miocene  of  Burma.  Velates  Schmideliana,  Chemn.,  and 
Provelates  grandis,  Sow.  sp.,  in  Tertiary  Formation  of  India  and  Burma. 

Part  If. — Geology  of  Wuntho  in  Upper  Burma.  Echinoids  from  Upper  Cretaceous  System 
of  Baluchistan.  Highly  Phosphatic  Mica  Peridotites  intrusive  in  Lower  Gondwana 
Rocks  of  Bengal.    Mica-Hypersthene-Hornblende-Peridotite  in  Bengal. 

Vol.  XXV  IT  I.  1895. 

Part  1. — Annual  report  for  1804.  Cretaceous  Formation  of  Pondicherry.    Early  allusion 
to  Barren  Island.    Bibliography  of  Barren  Island  and  Narcondam  from  1884  to  1894. 

Part  2. — Cretaceous  Rocks  of  Southern  India  and  geographical  conditions  during  later 
cretaceous  time*.    Experimental  Boring  for  Petroleum  at  Sukkur  from  October  1893 
to  March  1895.    Tertiary  system  in  Burma 

Part  3. — Jadeite  and  other  rocks,  from  Tammaw  in  Upper  Burma.    Geology  of  Tochi 
Valley.    Lower  Gondwanas  in  Argentina. 

Part  If.— Igneous  Rocks  of  Giridih  (Kurhurbaree)  Coal-field  and  their  Contact  Effects. 
Vindhyan  system  south  of  Sone  and  their  relation  to  so-called  Lower  Vindhyans. 
Lower  Vindhyan  area  of  Sone  Valley.    Tertiary  system  in  Burma. 

Vol.  XXIX,  1896. 
Part  1. — Annual  report  for  1895  Aciculnr  inclusions  in  Indian  Garnets.  Origin  and 

Growth  of  Garnets  and  of  their  Micropegmatitic  intcrgrowths  in  Pyroxenic  rocks. 
Part  2. — Ultra-basic  rocks  and  derived  minerals  of  Chalk  (Magnesite)  hills,  and  other 

localities  near  Salem,  Madras.  Corundum  localities  in  Salem  and  Coimbatore  districts, 
Madras.  Corundum  and  Kyanite  in  Manbhum  district,  Bengal.  Ancient  Geography 
of  "  Gondwanaland."  Notes. 

Part  3. — Igneous  Rocks  from  the  Tochi  Valley.  Notes. 
Part  If. — Steatite  mines,  Minbu  district,  Burma.  Lower  Vindhyan  (Sub-Kaimur)  area  of 

Sone  Valley,  Rewah.  Notes. 
Vol.  XXX,  1897. 

Part  7. — Annual  report  for  1896.  Norite  and  associated  Basic  Dykes  and  Lava-flows  in 
Southern  India.    Genus  Vertebraria    On  Glossopteris  and  Vertebraria. 
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Part  2.— Cretaceous  Deposits  of  Pondicherri.  Notes. 
Part  3. — Flow  structure  in  igneous  dyke.  Olivine-norite  dykes  at  Coonoor.  Excavations 

for  corundum  near  Palakod,  Salem  District.  Occurrence  of  coal  at  Palana  in  Bikanir. 
Geological  specimens  collected  by  Afghan-Baluch  Boundary  Commission  of  1896. 

Part  If.— Nemalite  from  Afghanistan.  Quartz-barytes  rock  in  Salem  district,  Madras 
Presidency.  Worn  femur  of  Hippopotamus  irravadicus,  Caut.  and  Falc,  from  Lower 
Pliocene  of  Burma.  Supposed  coal  at  Jaintia,  Baxa  Duars.  Percussion  Figures  on micas.  Notes. 

Vol.  XXXI,  1904. 

Part  1  (out  of  print). — Prefatory  Notice.    Copper-ore  near  Komai,  Darjeeling  district. 
Zewan  beds  in  Vihi  district,  Kashmir.    Coal  deposits  of  Isa  Khel,  Mianwali  district, 
Punjab.    Um-Rileng  coal-beds,  Assam.    Sapphirine-bearing  rock  from  Vizagapatam 
district.    Miscellaneous  Notes.  Assays. 

Part  2  (out  of  print).  — Lt.-Genl.  C.  A.  McMahon.    Cyclobus  Haydeni  Diener.  Auriferous 
Occurrences  of  Chota  Nagpur,  Bengal.    On  the  feasibility  of  introducing  modern 
methods  of  Coke-making  at  East  Indian  Railway  Collieries,  with  supplementary  note 
by  Director,  Geological  Survey  of  India.    Miscellaneous  Notes. 

Part  S  (out  of  print). — Upper  Palaeozoic  formations  of  Eurasia.    Claciation  and  History 
of  Sind  Valley.    Halorites  in  Trias  of  Baluchistan.    Geology  and  Mineral  Resources 
of  Mayurbhanj.    Miscellaneous  Notes. 

Part  4  (out  of  print). — Geology  of  Upper  Assam.    Auriferous  Occurrences  of  Assam. 
Curious  occurrence  of  Scapolite  from  Madras  Presidency.    Miscellaneous  Notes.  Index. 

Vol.  XXXII,  1905. 

Part  1  (out  of  print). — Review  of  Mineral  Production  of  India  during  1898 — 1903. 
Part  2  (out  of  print).— General  report,  April  1903  to  December  1904.  Geology  of  Pro- 

vinces of  Tsang  and  U  in  Tibet.    Bauxite  in  India.    Miscellaneous  Notes. 
Part  S  (out  of  print). — Anthracolithic  Fauna  from  Subansiri  Gorge,  Assam.  Elephas 

Antiquus  (Namadicus)  in  Godavari  Alluvium.  Triassic  Fauna  of  Tropites-Limestone 
of  Byans.    Amblygonite  in  Kashmir.    Miscellaneous  Notes. 

Part  If.— Obituary  notices  of  H.  B.  Medlicott  and  W.  T.  Blanford.  Kangra  Earthquake 
of  4th  April  1905.    Index  to  Volume  XXXII. 

Vnr..  XXXIII,  1906. 

Part  1  (out  of  print). — Mineral  Production  of  India  during  1904.  Pleistocene  Movement  in 
Indian  Peninsula.  Recent  Changes  in  Course  of  Nam-tu  River,  Northern  Shan  States. 
Natural  Bridge  in  Gokteik  Gorge.  Geology  and  Mineral  Resources  of  Narnaul  Dis- 

trict (Patiala  State).    Miscellaneous  Notes. 
Part  2  (out  of  print). — General  report  for  1905.  Lashio  Coal-field,  Northern  Shan  States. 

Namma,  Mansang  and  Man-se-le  Coal-fields,  Northern  Shan  States,  Burma.  Mis- cellaneous Notes. 
Part  S  (out  of  print). — Petrology  and  Manganese-ore  Deposits  of  Sausar  Tahsil,  Chhind- 

wara  district,  Central  Provinces.  Geology  of  part  of  valley  of  Kanhan  River  in 
Nagpur  and  Chhindwara  districts,  Central  Provinces.  Manganite  from  Sandur  Hills. 
Miscellaneous  Notes. 

Part  If  (out  of  print). — Composition  and  Quality  of  Indian  Coals.  Classification  of  the 
Vindhyan  System.  Geology  of  State  of  Panna  with  reference  to  the  Diamond- 
bearing  Deposits.    Index  to  Volume  XXXIII. 

Vol.  XXXIV,  1906. 
Part  1. — Fossils  from  Halorites  Limestone  of  Bambanag  Cliff,  Kumaon.  Upper-Triassic 

Fauna  from  Pishin  District,  Baluchietan.  Geology  of  portion  of  Bhutan.  Coal  Occur- 
rences in  Foot-hills  of  Bhutan.  Dandli  Coal-field  :  Coal  outcrops  in  Kotli  Tehsil  of 

Jammu  State.    Miscellaneous  Notes. 
Part  2  (out  of  print). — Mineral  Production  of  India  during  i905.  Nummulites  Douvillei, with  remarks  on  Zonal  Distribution  of  Indian  Nummulites.  Auriferous  Tracts  in 

Southern  India.  Abandonment  of  Collieries  at  Warora,  Central  Provinces.  Mis- 
cellaneous Notes. 

Part  8.  —  Explosion  Craters  in  Lower  Chindwin  district,  Burma.  Lavas  of  Pavagad  Hill. 
Gibbsite  with  Manganese-ore  from  Talevadi,  Belgaum  district,  and  Gibbsite  from 
Bhekowli,  Satar  District.  Classification  of  Tertiary  System  in  Sind  with  reference 
to  Zonnl  distribution  of  Eocene  Echinoidea. 

Part  If  (out  of  print) — Jaipur  and  Nazira  Coal-fields.  Upper  Assam.  Makum  Coal-fields 
between  Tirap  and  Namdang  Streams.  Kabat  Anticline,  ne(ar  Seiktein,  Myingyan 
district,  Upper  Burma.  Asymmetry  of  Yenangyat-Singu  Anticline,  Upper  Burma 
Northern  part  of  Gwegyo  Anticline,  Myingyan  District,  Upper  Burma.  Breynia 
Multituberculata,  from  Nari  of  Baluchistan  and  Sind.    Index  to  Volume  XXXIV. 



Vol.  XXXV,  1907. 
Part  1  (out  of  print).— General  report  for  1906.  Orthophragmina  and  Lepidocyclina  in 

Nummulitic  Series.  Meteoric  Shower  of  22nd  October  1903  at  Dokachi  and  neighbour- 
hood, Dacca  district. 

Part  2. — Indian  Aerolites.    Brine-wells  at  Bawgyo,  Northern  Shan  States.  Gold-bearing 
Deposits  of  Loi  Twang,  Shan  States.    Physa  Prinsepii  in  Maestrichtian  strata  oi 
Baluchistan.    Miscellaneous  Notes. 

Part  3. — Preliminary  survey  of  certain  Glaciers  in  North- West  Himalaya.    A. — Notes  on 
certain  Glaciers  in  North- West  Kashmir. 

Part  4- — Preliminary  survey  of  certain  Glaciers  in  North-West  Himalaya.    B. — Notes  on 
certain  Glaciers  in  Lahaul.    C. — Notes  on  certain  Glaciers  in  Kumaon.    Index  to 
Volume  XXXV. 

Vol.  XXXVI,  1907-08. 
Part  1. — Petrological  Study  of  Eocks  from  hill  tracts,  Vizagapatam  district,  Madras 

Presidency.  Nepheline  Syenites  from  hill  tracts,  Vizagapatam  district,  Madras  Presi- 
dency. Stratigraphical  Position  of  Gangamopteris  Beds  of  Kashmir.  Volcanic  out- 

burst of  Late  Tertiary  Age  in  South  Hsenwi,  N.  Shan  States.  New  suidse  from 
Bugti  Hills,  Baluchistan.    Permo-Carboniferous  Plants  from  Kashmir. 

Part  2  (out  of  print). — Mineral  Production  of  India  during  1906.  Ammonites  of  Bagh Beds.    Miscellaneous  Notes. 
Part  3. — Marine  fossils  in  Yenangyaung  oil-field,  Upper  Burma.  Fresh-water  shells  of 

genus  Batissa  in  Yenangyaung  oil-field,  Upper  Burma.  New  Species  of  Dendrophyllia 
from  Upper  Miocene  of  Burma.  Structure  and  age  of  Taungtha  hills,  Myingyan  dis- 

trict, Upper  Burma.  Fossils  from  Sedimentary  rocks  of  Oman  (Arabia).  Rubies  in 
Kachin  hills,  Upper  Burma.  Cretaceous  Orbitoides  of  India.  Two  Calcutta  Earth- 

quakes of  1906.    Miscellaneous  Notes. 
Part  Jf. — Pseudo-Fucoids  from  Pab  sandstones  at  Fort  Munro,  and  from  Vindhyan  series. 

Jadeite  in  Kachin  Hills,  Upper  Burma.  Wetchok-Yedwet  Pegu  outcrop,  Magwe  dis- 
trict, Upper  Burma.  Group  of  Manganates,  comprising  Hollandite,  Psilomelane  and 

Coronadite.  Occurrence  of  Wolfram  in  Nagpur  district,  Central  Provinces.  Mis- cellaneous Notes.    Index  to  Volume  XXXVI. 
Vol.  XXXVII,  1908-09. 

Part  1. — General  report  for  1907.  Mineral  Production  of  India  during  1907.  Occurrence 
of  striated  boulders  in  Blaini  formation  of  Simla.    Miscellaneous  Notes. 

Part  2. — Tertiary  and  Post-Tertiary  Freshwater  Deposits  of  Baluchistan  and  Sind. 
Geology  and  Mineral  Resources  of  Rajpipla  State.  Suitability  of  sands  in  Rajmahal 
Hills  for  glass  manufacture.  Three  new  Manganese-bearing  minerals  : — Vredenburgite, 
Sitaparite  and  Juddite.    Laterites  from  Central  Provinces.    Miscellaneous  Notes. 

Pari  3. — Southern  part  of  Gwegyo  Hills,  including  Payagyigon-Ngashandaung  Oil-field. 
Silver-lead  mines  of  Bawdwin,  Northern  Shan  States.  Mud  volcanoes  of  Arakan Coast.  Burma. 

Part  Jf. — Gypsum  Deposits  in  Hamirpur  district.  United  Provinces.  Gondwanas  and 
related  marine  sedimentary  system  of  Kashmir.  Miscellaneous  Notes.  Index  to 
Volume  XXXVII. 

Vol.  XXXVIII,  1909. 
Part  1. — General  report  for  1908.    Mineral  Production  of  India  during  1908. 
Part  2. — Ostrea  latimarginata  in  Burma.    China-clay  and  Fire-clay  of  Rajmahal  Hills. 

Coal  at  Gilhurria.    Pegu  Inlier  at  Ondwe.    Salt  Deposits  of  Rajputana.  Miscellaneous Notes. 

Part  3. — Geology  of  Sarawan,  Jhalawan  and  Las  Bcla.    Hippurite  limestone  in  Seistan. 
Afghan  Fusulinida?.    Miscellaneous  Notes. 

Part.  If. — Western  Prome  and  Kama.    Recorrelntion  of  Pecm  system.    Pegu  fossil  fish- 
teeth.    Ycnangyat  Oil  field.    Iron-ores  of  Chanda.    Geology  of  Aden  Hinterland. 
Petrography  of   Aden   Hinterland.    Fossils  from   Aden   Hinterland.  Miscellaneous 
Notes.    Index  to  Volume  XXXVIII. 

Vol.  XXXIX.  1910. 
Quinquennial  Review  of  Mineral  Production  for  1904  to  1908. 

Vol.  XL,  1910. 
Part,  t. — Pre-Oarboniforous  Lifo-Provinces.  Lakes  of  tho  Salt  Rang;o.  Claciors  in Sikkim.    New  Tertiary  mammals. 
Part  2.— General  Report  for  1909.    Mineral  Production  of  India  during  1909. 
Part  3. — Tertiary  Freshwater  Deposits  of  India.  Silurian-Trias  sequence  in  Kashmir. Fenestella  beds  in  Kashmir. 
Part  Jf.— Alum  Shale  and  Alum  Manufacture  at  and  near  Ealabagh,  Mianwali  district, 

Punjab.  Coal-fields  in  North-Eastern  Assam.  Sedimentary  Deposition  of  Oil.  Mis- cellaneous Notes.    Index  to  Volume  XL. 

The  price  fixed  for  the  publications  is  1  rupee  (Is.  Ad.)  each  part,  or  2  rupees  (2s.  8d.) each  volume  of  four  unrts. 
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MISCELLANEOUS  PUBLICATIONS. 

A  Manual  of  the  Geology  of  India.    4  Vols.    With  map  1879-1887— 
Vol.  I.  Peninsular  Area.  )     By  H.  B.  Medlicott  and  Vv.  T.  Blanford 
Vol.  2.  Extra  Peninsular  Area.     )       (out  of  print). 
Vol.  3.  Economic  Geology.    By  V.  Ball  (out  of  print). 
Vol.  4.  Mineralogy.    By  F.  R.  Mallet.    Price  2  rupees. 

A  Manual  of  the  Geology  of  India,  2nd  edition.    By  R.  D.  Oldham  (1893).    Price  8  rupees. 
A  Manual  of  Geology  of  India,  Economic  Geology,  by  the  late  Prof.  V.  Ball,  2nd 

edition,  revised  in  parts. 
Part  I.— Corundum.    By  T.  H.  Holland  (1898).    Price  1  rupee. 

Popular  guides  to  the  Geological  collections  in  the  Indian  Museum,  Calcutta — 
No.  1.  Tertiary  vertebrate  animals.    By  R.  Lydekker  (1879)  (out  of  print). 
No.  2.  Minerals.    By  F.  R.  Mallet  (1879)  (out  of  print). 
No.  3.  By  F.  Fedden  (1880)  (out  of  print). 
No.  4.  Palseontological  collections.    By  0.  Feistmantel  (1881).    Price  2  annas. 
No.  5.  Economic  mineral  products.    By  F.  R.  Mallet  (1883)  (out  of  print). 

An  introduction  of  the  Chemical  and  Physical  study  of  Indian  Minerals.    By  T.  H. 
Holland  (1895)  (out  of  print). 

Catalogue  of  the  remains  of  Shvalik  Vertebrata  contained  in  the  Geological  Department  of 
the  Indian  Museum.    By  R.  Lydekker,  Pt.  I.    Mammalia  (1885).    Price  1  rupee. 
Pt.  II.  Aves,  Reptilia,  and  Pisces  (1886).    Price  4  annas. 

Catalogue  of  the  remains  of  Pleistocene  and  Pre-Historic  Vertebrata  contained  in  the 
Geological  Department  of  the  Indian  Museum.    By  R.  Lydekker  (1886).    Price  4 
annas. 

Bibliography  of  Indian  Geology.    By  R.  D.  Oldham  (1888).    Price  1  rupee  8  annas. 
Report  on  the  geological  structure  and  stability  of  the  hill  slopes  around  Naini  Tal.  By 

T.  H.  Holland  (1897).    Price  3  rupees. 
Geological  map  of  India,  1893.    Scale  1"  =  96  miles  (out  of  print). 
General  Report  for  the  period  from  1st  January  1897  to  the  1st  April  1898.    Price  1  rupee. 
General  Report  for  the  year  1898-99  (out  of  print). 
General  Report  for  the  year  1899-1900.    Price  1  rupee. 
General  Report  for  the  year  1900-1901.    Price  1  rupee. 
General  Report  for  the  year  1901-1902.    Price  1  rupee. 
General  Report  for  the  year  1902-1903.    Price  1  rupee. 
Sketch  of  the  Mineral  Resources  of  India.    By  T.  H.  Holland  (1908).    Price  1  rupee 

(out  of  print). 
Contents  and  index  to  Records,  Vols.  I-XX  and  Vols.  XXI-XXX.    Price  1  rupee  each. 
Contents  and  index  to  Memoirs,  1859-1883.    (First  twenty  volumes).    Price  1  rupee. 
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MEMOIRS  OF  THE  GEOLOGICAL  SURVEY  OF  INDIA. 

Vol.  I.  Pt.  1,  1856  (out  of  print)  ■.  Coal  and  Iron  of  Talchir.— Talchir  Coal-field.— 
Gold-yielding  deposits  of  Upper  Assam. — Gold  from  Shue-gween.  Pt.  0, 
1858  (out  of  print)  :  Geological  structure  of  a  portion  of  Khasi  Hills. — 
Geological  structure  of  Nilgiri  Hills  (Madras).  Pt.  3,  1859  (out  of  print)  : 
Geological  structure  and  physical  features  of  districts  of  Bankura,  Mid- 
napore,  and  Orissa. — Laterite  of  Orissa. — Fossil  fish-teeth  of  genus 
Ceratodus,  from  Maledi,  south  of  Nagpur. 

Vol.  U.  Pt.  1,  1860  (out  of  print)  :  Vindhyan  rocks,  and  their  associates  in  Bundel- 
kand.  Pt.  2,  1860  (out  of  print)  :  Geological  structure  of  central  portion 
of  Nerbudda  District. — Tertiary  and  alluvial  deposits  of  central  portion 
of  Nerbudda  Valley. — Geological  relations  and  probable  age  of  systems 
<if  rocks  in  Central  India  and  Bengal. 

Vol.  III.  n.  1,  1863  (out  of  print)  :  Raniganj  Coal-field. — Additional  remarks  oil 
systems  of  rocks  in  Central  India  and  Bengal. — Indian  Mineral  Statis- 

tics, I.  Coal.  Pt.  2,  1864  (out  of  print)  :  Sub-Himalayan  Ranges 
between  Ganges  and  Ravi. 

Vol.  IV.  Pt.  1,  1863  (out  of  print)  :  Cretaceous  Rocks  of  Trichinopoly  District, 
Madras.  Pt.  2,  1864  (out  of  print)  :  Districts  of  Trichinopoly,  Salem, 
etc.  Pt.  3,  1865  (out  of  print)  :  Coal  of  Assam,  etc. 

Vol.  V.  Pt.  1,  1865  (out  of  print)  :  Sections  across  N.-W.  Himalaya,  from  Sutlej  to 
Indus. — Gypsum  of  Spiti.  Pt.  2,  1866  (out  of  print)  :  Geology  of  Bom- 

bay. Pt.  3,  1866  (out  of  print)  :  Jheria  Coal-field. — Geological  Observa tions  on  Western  Tibet. 

Vol.  VI.  Pt.  1,  1867  (out  of  print)  :  Neighbourhood  of  Lynyan,  etc.,  in  Sind. — 
Geology  of  portion  of  Cutch.  Pt.  2,  1867,  Rep.  1908  (price  2  Rs.)  : 
Bok&ro  Coal-field. — Ramgarh  Coal-field. — Traps  of  Western  and  Central 
India.  Pt.  3,  1869  (price  2  Rs.  8  As.)  :  Tapti  and  Nerbudda  Valleys.— 
Frog-beds  in  Bombay. — Oxyglossus  pusillus. 

VOL.  VII.  Pt.  1,  1869  (price  3  Rs.)  :  Vindhyan  series. — Mineral  Statistics. — Coal.— 
Shillong  Plateau.  Pt.  2,  1870  (out  of  print)  :  Karharbari  Coal-field.— 
Deoghar  Coal-field.  Pt.  3,  1871  (out  of  print)  :  Aden  water-supply.— 
Karanpura  Coal-fields. 

Vol.        VIII.  Pt.  1,  1872  (price  4  Rs.)  :  Kadapah  and  Karnul  Formations  in  Madras 
Presidency.    Pt.  2,  1872  (price  1  Re.)  :  Itkhuri  Coal-field. — Daltonganj 
Coal-field. — Chope  Coal-field. 

.  Vol.  IX.  Pt.  1,  1872  (out  of  print)  :  Geology  of  Kutch.    Pt.  2,  1872  (price  1  Re.)  : 
Geology  of  Nagpdr. — Geology  of  Sirban  Hill. — Carboniferous  Am- monites. 

Vol.  X.  Pt.  1  (price  3  Rs.)  :  Geology  of  Madras. — Satpura  Coal-basin.    Pt.  2,  1874 
(out  of  print)  :  Geology  of  Pegu. 

Vol.  XI.  Pt.  1,  1874  (price  'A  lis-)  :  Geology  of  Darjiling  and  Western  Duars.    Pt.  2, 
1876  (price  3  Rs.)  :  Salt-region  of  Kohat,  Trans-Indus. 

Vol.  XII.  Pt.  1,  1877  (price  3  Rs.)  :  South  Mahratta  Country.    Pt.  2,  1876  (price 
2  Rs.)  :  Coal-fields  of  Naga  Hills. 

Vol.        XIII.  Pt.  1,  1877  (price  2  Rs.  8  As.)  :  Wardha  Valley  Coal-field.    Pt.  2,  1877 
(price  2  Rs.  8  As.)  :  Geology  of  Rajmahal  Hills. 

Vol.  XIV.  1878  (price  5  Rs.)  :  Geology  of  Salt-range  in  Punjab. 
Vol.  XV.  Pt.  1,  1878  (price  2  Rs.  8  As.)  :  Aurunga  and  Hutdr  Coal-fields  (Palamow). 

Pt.  2,  1880  (price  2  Rs.  8  As.)  :  Ramkola  and  Tatapani  Coal-field* 
(Sirguja). 

Vol.  XVI.  Pt.  1,  1879  (price  1  Re.  h  As.)  :  Geology  of  Eastern  Coast  from  Lat.  15° 
to  Masulipatam.  Pt.  2,  1880  (price  1  Re.  8  As.)  :  Nellore  Portion  of 
Carnatic.  Pt.  3,  1880  (price  2  Rs.)  :  Coastal  Region  of  Godavari District., 

Vol.        XVII.  Pt.  1,  1879  (price  3  Rs.)  :  Geology  of  Western  Sind.    Pt.  2,  1880  (pric; 
2  Rs.)  :  Trans-Indns  extension  of  Punjab  Salt-range. 

Vol.       XVIII.  Pt.  1,  1881  (price  2  Rs.)  :  Southern  Afghanistan.    Pt.  2,  1881  (out  of 
print)  :  Manbhum  and  Singhbhum.    Pt.  3,  1881  (price  2  Rs.)  :  Pranhit*. 
Godavari  Valley. 

Vol.  XIX.  Pt.  1,  1882  (price  2  Rs.)  :  Cachar  Earthquake  of  1869.  Pt.  2,  1882  (price 
1  Re.)  :  Thermal  Springs  of  India.  Pt.  3,  1883  (price  1  Re.)  :  Catalogue 
of  Indian  Earthquakes.  Pt.  4,  1883  (out  of  print)  :  Geology  of  parts  of 
Manipur  and  Ndga  Hills 
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Vol.  XX.  Pt.  1,  1883  (out  of  print)  :  Geology  of  Madura  and  Tinnevelly.    Pt.  2,  1883 
(out  of  print)  :  Geological  notes  on  Hills  in  neighbourhood  of  Sind  and 
Punjab  Frontier  between  Quetta  and  Dera  Ghazi  Khan. 

Vol.  XXI.  Pt.  1,  1884  {out  of  print)  :  Geology  of  Lower  Narbada  Valley.    Pt.  2,  1884 
(out  of  print)  :  Geology  of  Kathiawar.  Pt.  3,  1885  (out  of  print)  :  Coal- 

field of  South  Rewah.    Pt.  4,  1885  (out  of  print)  :  Barren  Island. 
Vol.       XXII.  1883  (price  5  Rs.)  :  Geology  of  Kashmir,  Chamba,  and  Khagan. 
Vol.     XXIII.  1891  (price  5  Rs.)  :  Geology  of  Central  Himalayas. 
Vol.     XXIV.  Pt.  1,  1887  (out  of  print)  :  Southern  Coal-fields  of  Satpura  Gondwana  basin. 

Pt.  2,  1890  (out  of  print)  :  Geology  of  Sub-Himalaya  of  Garhwal  and 
Kumaun.  Pt.  3,  1890  (out  of  print)  :  Geology  of  South  Malabar,  be- 

tween Beypore  and  Ponnani  Rivers. 
Vol.        XXV.  1896  (out  of  print)  :  Geology  of  Bellary  District,  Madras  Presidency. 
Vol.      XXVI.  1896  (out  of  print)  :  Geology  of  Hazara. 
Vol.  XXVII.  Pt.  1,  1895  (out  of  print)  :  Marine  Fossils  from  Miocene  of  Upper 

Burma.  Pt.  2,  1897  (out  of  print)  :  Petroleum  in  Burma  and  its  techni- 
cal exploitation. 

Vol.  XXVIII.  Pt.  1,  1898  (price  2  Rs.)  :  Geological  Structure  of  Chitichun  region.— 
Allahbund  in  north-wesf  of  Rann  of  Kuchh. — Geology  of  parts  at  Myin- 
gyan,  Magwe  and  Pakokku  Districts,  Burma. — Geology  of  Mikir  Hills 
in  Assam. — Geology  of  Tirah  and  Bazar  Valley.    Pt.  2,  1900  (price 
3  Rs.)  :  Charnockite  Series,  group  of  Archaean  Hypersthenic  Rocks  in 
Peninsular  India. 

Vol.       XXIX.  1900  (price  5  Rs.)  :  Earthquake  of  12th  June  1897. 
Vol.  XXX.  Pt.  1,  1900  (price  2  Rs.)  :  Aftershocks  of  Great  Earthquake  of  12th  June 

1897.  Pt.  2,  1900  (price  1  Re.)  :  Geology  of  neighbourhood  of  Salem, 
Madras  Presidency.  Pt.  3,  1901  (price  1  Re.)  :  Sivamalai  Series  of 
Elaeolite- Syenites  and  Corundum  Syenites.  Pt.  4,  1901  (price  1  Re.)  : 
Geological  Congress  of  Paris. 

Vol.  XXXI.  Pt.  1,  1901  (price  2  Rs.)  :  Geology  of  Son  Valley  in  Rewah  State  and  of 
Parts  of  Jabalpur  and  Mirzapur.  Pt.  2,  1901  (price  3  Rs.)  :  Baluchi- 

stan Desert  and  part  of  Eastern  Persia.  Pt.  3,  1901  (price  1  Re.)  : 
Peridotites,  Serpentines,  etc.,  from  Ladakh. 

Vol.  XXXII.  Pt.  1,  1901  (price  1  Re.)  :  Recent  Artesian  Experiments  in  India.  Pt.  2, 
1901  (price  2  Rs.)  :  Rampur  Coal-field.  Pt.  3,  1902  (price  3  Rs.)  : 
"  Exotic  Blocks  "  of  Malla  Joh.ir  in  Bhot  Mahals  of  Kumaon.  Pt.  4, 
1904  (price  3  Rs.)  :  Jammu  Coal-fields. 

Vol.  XXXIII.  Pt.  1,  1901  (price  8  Rs.)  :  Kolar  Gold-field.  Pt.  2,  1901  (price  2  Rs.)  : 
Art.  1  :  Gold-fields  of  Wainad.  Art.  2 :  Auriferous  Quartzites  of 
Parhadiah,  Chota  Nagpur.  Art.  3  :  Auriferous  localities  in  North 
Coimbatore.  Pt.  3,  1902  (price  1  Re.)  :  Geology  of  Kalahandi  State. Central  Provinces. 

Vol.  XXXIV.  Pt.  1,  1901  (price  1  Re.)  :  Peculiar  form  of  altered  peridotste  in  Mysore 
State.  Pt.  2,  1902  (price  3  Rs.)  :  Mica  deposits  of  India.  Pt.  3."  1903 (price  1  Re.)  :  Sandhills  of  Clifton  near  Karachi.    Pt.  4,  1908  (price 
4  Rs.)  :  Geology  of  Persian  Gulf  and  adjoining  portions  of  Persia  and Arabia. 

Vol.      XXXV.  Pt.  1,  1902  (price  2  Rs.)  :  Geology  of  Western  Rajputana.    Pt.  2,  1903 
(price  1  Re.)  :  Aftershocks  of  Great  Earthquake  of  12th  June  1897. 
Pt.  3,  1904  (price  1  Re.)  :  Seismic  phenomena  in  British  India  and  their 
connection  with  its  Geology.    Pt.  4,  1911  (price  1  Re.)  :  Geology  of Andaman  Islands,  with  references  to  Nicobars. 

Vol.   XXXVI.  Pt.  1,  1904  (price  4  Rs.)  :  Geology  of  Spiti.    Pt.  2,  1907  (price  3  Rs.)  : 
Geology  of  Provinces  of  Tsang  and  U  in  Central  Tibet.    Pt.  3,  1912 
{price.  2  Rs.)  :  Trias  of  tho  Himalayas. 

Vol.  XXXVII.  1909.  Manganese-Ore  Deposits  of  India  :  Pt.  1  (price.  3  Rs.);  fntrodurtion 
and  Mineralogy;  Pt.  2  (price  3  Rs.),  Geology;  Pt.  3  (piire  3  Rs.). 
Economics  and  Mining;  Pt.  4  (price  5  Rs.),  Dcsrript ion  nf  Pepnsit,^ 

Vol.    XXXVTTT.  1910  (Price  5  Rs.)  :  Kangra  Earthquake  of  4th  April  1905 
Vol.     XXXIX.  Pt.  1.  1910  (price  2  Rs.)  :  Geology  of  Northern  Afghanistan.    Pt.  2 

(in  the  Press)  :  Geology  of  Northern  Shan  States. 
Vol.  XL.  Pt.  1  (in  the  Press)  :  Oil-Fields  of  Burma. 
Vol.  XLI.  (In  the  Press)  :  Coal-Fields  of  India. 
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PALEONTOLOGIA  INDICA. 

(See.  I,  III,  V,  VI,  VIII.) — CRETACEOUS  FAUNA  OF  SOUTHERN  INDIA,  by 
F.  STOLICZKA,  except  Vol.  I,  Pt.  1,  by  H.  F.  BLANFORD. 

See.  I  &  III.— Vol.     I.  The  Cephalopoda  (1861-65),  pp.  216,  pis.  84  (6  double). 
V.— Vol.    II.  The  Gastropoda  (1867-68),  pp.  xiii,  500,  pis.  28. 
VI.— Vol.  III.  The  Pelecypoda  (1870-71),  pp.  xxii,  537,  pis.  50. 

VIII. — Vol.  IV.  The  Brachiopoda,  Ciliopoda,  Echinodermata,  Corals,  etc.  (1872- 
73),  pp.  v,  202,  pis.  29. 

(Sks.  II,  XI,  XII.)— THE  FOSSIL  FLORA  OF  THE  GONDWANA  SYSTEM,  by 
O  FEISTMANTEL,  except  Vol.  I,  Pt.  1,  by  T.  OLDHAM  and  J.  MORRIS. 

Vol.     1,  pp.  xviii,  233,  pla.  72.    1863-79.  Pt.  1;  Rajmahal  Group,  Rajmahal  Hills.  Pt.  2; 
The  same  (continued).  Pt.  3;  Plants  from  Golapili.  Pt.  4;  Outliers  or. 
the  Madras  Coast. 

Vol.    II,  pp.  xli,  115,  pis.  26.    1876-78.    Pt.  1;  Jurassic  Flora  of  Each.    Pt.  2;  Flora  of 
the  Jabalpur  group. 

Vol.  Ill,  pp.  xi,  64+149,  pis.  80  (9  double)  (I— XXXI  +  IA— XLVIIA).  1879-81.  Pt.  1; 
The  Flora  of  the  Talchir-Karharbari  beds.    Pt.  2;  The  Flora  of  the 
Damuda  and  Panchet  Divisions.    Pt.  3;  The  same  (concluded). 

Vol.    IV,  pp.  xxvi,  25+66,  pis.  35  (2  double)  (I— XXI+IA— XIVA).    Pt.  1  (1882); 
Fossil  Flora  of  the  South  Rewah  Gondwana  basin.    Pt.  2  (1886) ; 
Fossil  Flora  of  some  of  the  coal-fields  in  Western  Bengal. 

(See.  IX.)— JURASSIC  FAUNA  OF  EACH. 

Vol.      I  (1873-76).         The  Cephalopoda,  by  W.  Waagen,  pp.  i,  247,  pis.  60  (6  double). 
Vol.    II,  pt.  1  (1893).    The  Echinoidea  of  Kach,  by  J.  W.  Geegoey,  pp.  12.  pis.  2. 
Vol.    II,  pt.  2  (1900).    The  Corals,  by  J.  W.  Geegory,  pp.  196,  I— IX.  pis.  26. 
Vol.  Ill,  pt.  1  (1900).    The  Brachipoda,  by  F.  L.  Kitchin,  pp.  87,  pis.  15. 
Vol.  Ill,  pt.  2  (1903).    Lamellibranchiata  :  Genus  Trigonia,  by  F.  L.  Kitchin,  pp.  122, 

pis.  10  (out  of  print). 

(See.  IV.)— INDIAN  PRE-TERTIARY  VERTEBRATA. 

Vol.  I,  pp.  vi,  137,  pis.  26.  1865-85.  Pt.  1  (1865) ;  The  Vertebrate  Fossils  from  the 
Panchet  rocks,  by  T.  H.  Huxley.  Pt.  2  (1878) ;  The  Vertebrate  Fossils 
of  the  Kota-Maleri  Group,  by  Sie  P.  de  M.  Grey  Egeeton,  L.  C.  Miall. 
and  W.  T.  Blanforo.  Pt.  3  (1879):  Reptilia  and  Batraohia.  by  R 
Lyuekker.  Pt.  4  (1885) ;  The  Labyrinthodont  from  the  Bijori  group, 
by  R.  Lydekkee  (out  of  print).  Pt.  5  (1885) ;  The  Reptilia  and  Am- 

phibia of  the  Maleri  and  Denwa  groups,  by  R.  Lydekker  lout  of  print). 

(See  X.) — INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA,  by 
R.  LYDEKKER,  except  Vol.  I,  Ft.  1,  by  R.  B.  FOOTE. 

Vol.  I,  pp.  xxx,  300,  pis.  50.  1874-80.  Pt.  1;  Rhinoceros  deccanensis.  Pt.  2;  Molar 
teeth  and  other  remains  of  Mammalia.  3;  Crania  of  Ruminants. 
Pt.  4;  Supplement  to  Pt.  3.    Pt.  5;  Siwalik  „nd  Narbada  Proboscidia. 

Vol.  II,  pp.  xv,  363,  pis.  45.  1881-84.  Pt.  1;  Siwalik  Rhinocerotida?.  Pt.  2:  Supple- ment to  Siwalik  and  Narbada  Proboscidia.  Pt.  3 ;  Siwalik  and  Narbada 
Equidse.  Pt.  4;  Siwalik  Camelopardalidpp.  Pt.  5;  Siwalik  Selenodont 
Suina,  etc.    Pt.  6:  Siwalik  and  Narbada  Carnivora. 

Vol.  Ill,  pp.  xxiv,  264,  pis.  38.  1884-86.  _  Pt.  1;  Additional  Siwalik  Perissodactyla  and Proboscidia.  Pt.  2;  Siwalik  and  Narbada  Bunodont  Suina.  Pt.  3; 
Rodents  and  new  Ruminants  from  the  Siwaliks.  _  Pt.  4 ;  Siwalik  Birds. 
Pt.  5;  Mastodon  Teeth  from  Perim  Island.  Pt!  6;  Siwalik  and  Nar 
bada  Chelonia.  Pt.  7;  Siwalik  Crocodilia,  Lacertilia  and  Ophidia. 
Pt.  8;  Tertiary  Fishes. 
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Vol.    IV,  pt.  1,  1886.    Siwalik  Mammalia  (Supplement  1) ;  pp.  18,  pis.  6. 
Vol.    IV,  pt.  2,  1886.    The  Fauna  of  the  Karnul  caves  (and  addendum  to  pt.  1) ;  pp.  40 

(19—58),  pis.  5  (vii— xi). 
Vol.    IV,  pt.  2,  1887.    Eocene  Chelonia  from  the  Salt-range;  pp.  7  (59—65),  pis.  2  (xn- xiii). 

(See.  VII,  XIV.) — TERTIARY  AND  UPPER  CRETACEOUS  FAUNA  OF  WESTERN 
INDIA,  by  P.  MARTIN  DUNCAN  and  W.  PERCY  SLADEN,  except  Pt.  1,  by 
F.  STOLICZKA. 

Vol.  I,  pp.  16+110+382+91  =  599,  pis.  5+28+58+13  =  104.  1871—85.  Pt.  1  :  Tertiarj 
Crabs  from  Sind  and  Kach.  Pt.  1  (new  2)  :  Sind  Fossil  Corals  and 
Alcyonaria;  by  P.  Martin  Duncan.  Pt.  3  :  The  Fossil  Echinoidea  of 
Sind  :  Fas.  1,  The  Cardita  beaumonti  beds;  Fas.  2,  The  Ranikot  Series 
in  Western  Sind;  Fas.  3,  The  Khirthar  Series;  Fas.  If,  The  Nari 
(Oligocene)  Series;  Fas.  5,  the  Gaj  (Miocene)  Series;  Fas.  6,  The 
Makran  (Pliocene)  Series ;  by  Duncan  and  Sladen.  Pt.  4  :  The  FossiJ 
Echinoidea  of  Kach  and  Kattywar,  by  Duncan,  Sladen  and  Blanf ord. 

(See.  XIII.) — SALT-RANGE  FOSSILS,  by  WILLIAM  WAAGEN,  Ph.D. 

Productus-Limestone  Group  :  Vol.  I,  pt.  1  (1879).    Pisces,  Cephalopoda,  pp.  72,  pis.  6. 
„  „         „         „    2  (1880).    Gastropoda  and  supplement  to  pt.  1, 

pp.  Ill  (73—183),  pis.  10  (1  double),  (vii— 
xvi). 

„  „         „         „   3  (1881).    Pelecypoda,  pp.  144  (185—328),  pis.  b 
(xvii — xxiv). 

„  4  (1882—85).  Brachiopoda,  pp.  442  (329—770), 
pis.  62  (xxv — lxxxvi).  . 

„  ,,         „  5  (1885).        Bryozoa — Annelids — Echinodermata, 
pp.  64  (771—534),  pis.  10  (lxxxvh— xcvi).. 

„  „         „         „    6  (1886).    Ccelenterata,  pp.  90  (835—924),  pis.  20 
(xcvii — cxvi). 

„  „         „         ;,    7  (1887).    Coelenterata,  Protozoa,   pp.  74  (925— 
998),  pis.  12  (cxvii — cxxviii). 

Fossils  from  the  Ceratite  Formation  :  Vol.  II,  pt.  1  (1895).    Pisces — Ammonoidea,  pp.  324, 
pis.  40. 

Geological  Results  :  Vol.  IV,  pt.  1  (1889),  pp.  1—88,  pis.  4  (out  of  print). 
„         „         „       „    „  2  (1891),  pp.  89—242,  pis.  8  (out  of  print). 

(See.  XV.)— HIMALAYAN  FOSSILS. 

Upper-triassic  and  lias3ic  faunae  of  the  exotic  blocks  of  Malla  Johar  in  the  Bhot  Mahals  of 
Kumaon  :  Vol.  I,  pt.  1  (1908),  pp.  100,  pis.  16  (1  double),  by  Dr..  C.  Diener. 

Anthracolithic  Fossils  of  Kashmir  and  Spiti  :  Vol.  I,  pt.  2  (1899),  pp.  96,  pis.  8,  by  Dr.  C. Diener. 
The  Permocarboniferous  Fauna  of  Chitichun  No.  I  :  Vol.  I,  pt.  3  (1897),  pp.  105,  pis.  13, by  Dr.  C.  Diener. 
The  Permian  Fossils  of  the  Products  Shales  of  Kumaon  and  Garhwal  :  Vol.  I,  pt.  4  (1897), 

pp.  54,  pis.  5,  by  Dr.  C.  Diener. 
The  Permian  Fossils  of  the  Central  Himalayas  :  Vol.  I,  pt.  5  (1903),  pp.  204,  pis.  10,  by Dr.  C.  Diener. 
The  Cephalopoda  of  the  Lower  Trias  :  Vol.  II,  pt.  1  (1897),  pp.  182,  pis.  23,  by  Dr.  C. Diener. 
The  Cephalopoda  of  the  Muschelkalk  :  Vol.  II,  pt.  2  (1895),  pp.  118,  pis.  31,  by  Dr.  C. Diener. 
Upper  Triassic  Cephalopoda  Faunae  of  the  Himalaya  :  Vol.  Ill,  pt.  1  (1899),  pp.  157, pis.  22,  by  Dr.  E.  von  Mojsisovics. 
Trias  Brachiopoda  and  Lamellibranchiata  :  Vol.  Ill,  pt.  2  (1899),  pp.  76,  pis.  12  (2  double), by  Alexander  Bittner. 
The  Fauna  of  the  Spiti  Shales  :  Vol.  IV,  Pt.  1,  Fasc.  1  (1903),  pp.  132,  pis.  18;  Fasc  2 

(1910),  pp.  133— 306,  pis.  47  (2  double):  Fasc.  3  (1910),  pp.  307—395,  pis.  38,  by Dr.  V.  Uhlig;  Facs.  3  (in  the  Press)  :  Bivalves  and  Gastropoda,  by  K.  Holdhaus. The  Fauna  of  the  Tropites-Limestone  of  Byans  :  Vol.  V,  Memoir  No.  1  (1906).  nn  201 
pis.  17  (1  double),  by  Dr.  C.  Diener. 

The  Fauna  of  the  Himalayan  Muschelkalk  :  Vol.  V,  Memoir  No.  2  (1907),  pp.  140  pis  17 
(2  double),  by  Dr.  C.  Diener.  '  ' 
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Ladinic,  Carnic  and  Noric  fauna  of  Spiti  :  Vol.  V,  Memoir  No.  3  (1908),  pp.  157,  pis.  24 
(3  double),  by  Dr.  C.  Diener. 

Lower  Triassic  Cephalopoda  from  Spiti,  Malla  Johar  and  Byans  :  Vol.  VI,  Memoir  No.  1 
(1909),  pp.  186,  pis.  31,  by  Drs.  A.  Von  Kraft  and  C.  Diener. 

The  Fauna  of  the  Traumatocrinus  Limestone  of  Painkhanda.    Vol.  VI,  Memoir  No.  2 
(1909),  pp.  39,  pis.  5,  by  Dr.  C.  Dieoer. 

The  Cambrian  Fossils  of  Spiti  :  Vol.  VII,  Memoir  No.  1  (1910),  pp.  70,  pis.  6,  by  F.  R.  C. 
Reed. 

The  Ordovician  and  Silurian  fossils  from  the  Central  Himalayas  :  Vol.  II,  Memoir  No.  2 
(in  the  Press),  by  F.  R.  C.  Reed. 

(Ser.  XVI.)— BALUCHISTAN  FOSSILS,  by  FRITZ  NOETLING,  Ph.D.,  F.G.S. 
The  Fauna  of  the  Kellaways  of  Mazar  Drik  :  Vol.  I,  pt.  1  (1895),  pp.  22,  pis.  13. 
The  Fauna  of  the  (Neocomian)  Belemnite  Beds  :  Vol.  I,  pt.  2  (1897),  pp.  6,  pis.  2. 
The  Fauna  of  the  Upper  Cretaceous  (Maestrichtien)  Beds  of  the  Mari  Hills  :  Vol.  I,  pt.  3 

(1897),  pp.  79,  pis.  23. 

(NEW  SERIES.) 

The  Cambrian  Fauna  of  the  Eastern  Salt-range  :  Vol.  I,  Memoir  1  (1899),  pp.  14,  pi.  1, 
by  K.  Redlich. 

Notes  on  the  Morphology  of  the  Pelecypoda  :  Vol.  I,  Memoir  2  (1899),  pp.  58,  pis.  4,  by 
Fritz  Noetling. 

Fauna  of  the  Miocene  Beds  of  Burma  :  Vol.  I,  Memoir  3  (1901),  pp.  378,  pis.  25,  by 
Fritz  Noetling  (out  of  'print). 

Observations  sur  quelques  Plantes  Fossiles  des  Lower  Gondwanas  :  Vol.  II,  Memoir  1 
(1902),  pp.  39,  pis.  7,  by  R.  Zeiller. 

Permo-Carboniferous  Plants  and  Vertebrates  from  Kashmir  :  Vol.  II,  Memoir  No.  2 
(1905),  pp.  13,  pis.  3,  by  A.  C.  Seward  and  A.  Smith  Woodward. 

The  Lower  Palaeozoic  Fossils  of  the  Northern  Shan  States,  Upper  Burma  :  Vol.  II,  Memoir 
No.  3  (1906),  pp.  154,  pis.  8,  by  F.  R.  C.  Reed. 

The  Fauna  of  the  Napeng  Beds  or  the  Rhsetic  Beds  of  Upper  Burma  :  Vol.  II,  Memoir 
No.  4  (1908),  pp.  88,  pis.  9,  by  Miss  M.  Healey. 

The  Devonian  Faunas  of  the  Northern  Shan  States  :  Vol.  II,  Memoir  No.  5  (1908),  pp.  183, 
pis.  20,  by  F.  R.  C.  Reed. 

The  Mollusca  of  the  Ranikot  Series  :  Vol.  Ill,  pt.  1,  Memoir  No.  1  (1909),  pp.  xix,  83, 
pis.  8,  by  M.  Cossmann  and  G.  Pissarro.    Introduction,  by  E.  W.  Vredenburg. 

On  some  Fish-remains  from  the  Beds  at  Dongargaon,  Central  Provinces  i  Vol.  Ill,  Memoir 
No.  3  (1908),  pp.  6,  pi.  1,  by  A.  Smith  Woodward. 

Anthracolithic  Fossils  of  the  Shan  States  :  Vol.  Ill,  Memoir  No.  4  (1911),  pp.  74,  pis.  7, 
by  C.  Diener. 

The  Fossil  Giraffidae  of  India  :  Vol.  IV,  Memoir  No.  1  (1911),  pp.  29,  pis.  5,  by  G.  E. 
Pilgrim. 

The  Vertebrate  Fauna  of  the  Gaj  Series  in  the  Bugti  Hills  and  the  Punjab  :  Vol.  IV, 
Memoir  No.  2,  1912,  pp.  83,  pis.  30  and  1  map,  by  G.  E.  Pilgrim. 

Lower  Gondwana  Plants  from  the  Golabgarh  Pass,  Kashmir  :  Vol.  IV,  Memoir  No.  3 
(1912),  pp.  10,  pis.  3,  by  A.  C.  Seward. 

Vlesozoic  Plants  from  Afghanistan  and  Afghan-Turkistan  :  Vol.  IV,  Memoir  No.  4  (in  the 
Press),  by  A.  C.  Seward. 

Triassic  Fauna?  of  Kashmir  :  Vol.  V,  Memoir  No.  1  (in  the  Press),  by  Dr.  C.  Diener. 

The  price  fixed  for  these  publications  is  four  annas  (4  pence)  per  single  plate,  with  a 
minimum  charge  of  Re.  1. 
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-RECORDS  OF  THE  GEOLOGICAL  SURVEY  OF  INDIA 

Vol.  I,  1868. 

Part  1  (out  of  print).—  Annual  report  for  1867.  Coal-seams  of  Tawa  valley.  Coal  in 
Garrow  Hills.    Copper  in  Bundelkund.  Meteorites. 

Part  2  {out  of  print). — Coal-seams  of  neighbourhood  of  Chanda.  Coal  near  Nagpur.  Geo- 
logical notes  on  Surat  collectorate.  Cephalopodous  fauna  of  South  Indian  cretaceous 

deposits.    Lead  in  Raipur  district.    Coal  in  Eastern  Hemisphere.  Meteorites. 
Part  3  (out  of  print). — Gastropodous  fauna  of  South  Indian  cretaceous  deposits.  Notes  on 

route  from  Poona  to  Nagpur  vid  Ahmednuggur,  Jalna,  Loonar,  Yeotmahal,  Mangali 
and  Hingunghat.  Agate-hake  in  pliocene  ( ?)  deposits  of  Upper  (Jodavery.  Boundary 
of  Vindhyan  series  in  Kajputana.  Meteorites. 

Vol.  II,  1869. 

Part  1  (out  of  print). — Valley  of  Poorna  river,  West  Berar.    Kuddapah  and  Kurnool 
formations.    Geological  sketch  of  Shillong  plateau.    Gold  in  Singhboom,  etc.  Wells 
at  Hazareebagh.  Meteorites. 

Part  2. — Annual  report  for  1868.    Pangshura  tecta  and  other  species  of  Chelonia  from 
newer  tertiary  deposits  of  Nerbudda  valley.    Metamorphic  rocks  of  Bengal. 

Part  3. — Geology  of  Kuch,  Western  India.    Geology  and  physical  geography  of  Nicobat Islands. 
Part  If  (out  of  print). — Beds  containing  silicified  wood  in  Eastern  Prome,  British  Burma. 

Mineralogical  statistics  of  Kumaon  division.  Coal-field  near  Chanda.  Lead  in  Raipur 
district.  Meteorites. 

Vol.  Ill,  1870. 

Part  1  (out  of  print). — Annual  report  for  1869.  Geology  of  neighbourhood  of  Madras. 
Alluvial  deposits  of  Irrawadi,  contrasted  with  those  of  Ganges. 

Part  2  (out  of  print). — Geology  of  Gwalior  and  vicinity.  Slates  at  Chiteli,  Kumaon. 
Lead  vein  near  Chicholi,  Raipur  district.  Wardha  river  coal-fields,  Berar  and  Cen- 

tral Provinces.    Coal  at  Karba  in  Bilaspur  district. 
Part  3  (out  of  print). — Mohpani  coal-field.  Lead-ore  at  Slimanabad,  Jabalpur  district. 

Coal  east  of  Chhattisgarh  between  Bilaspur  and  Ranchi.  Petroleum  in  Burma.  Petro- 
leum locality  of  Sudkal,  near  Futtijung,  west  of  Rawalpindi.  Argentiferous  galena 

and  copper  in  Manbhum.    Assays  of  iron  ores. 
Part  If.  (out  of  print). — Geology  of  Mount  Tilla,  Punjab.  Copper  deposits  of  Dalbhum 

and  Singbhum  :  1. — Copper  mines  of  Singbhum  :  2. — Copper  of  Dalbhum  and  Sing- bhum.  Meteorites. 
Vol.  IV,  1871. 

Part  1. — Annual  report  for  1870.  Alleged  discovery  of  coal  near  Gooty,  and  of  indications 
of  coal  in  Cuddapah  district.    Mineral  statistics  of  Kumaon  division. 

Part  2. — Axial  group  in  Western  Prome.  Geological  structure  of  Southern  Konkan. 
Supposed  occurrence  of  native  antimony  in  the  Straits  Settlements.  Deposit  in  boilers 
of  steam-engines  at  Raniganj.  Plant-bearing  sandstones  of  Godavari  valley,  on  south- 

ern extensions  of  Kamthi  group  to  neighbourhood  of  Ellore  and  Rajamandri,  and  on 
possible  occurrence  of  coal  in  same  direction. 

Part  3  (out  of  print). — Boring  for  coal  in  Godavari  valley  near  Dumaguden  and  Bhadra- 
chalam.  Narbada  coal-basin.  Geology  of  Central  Provinces.  Plant-bearing  sand- 

stones of  Godavari  valley. 
Part  If  (out  of  print). — Ammonite  fauna  of  Kutch.  Raigur  and  Hengir  (Gangpur)  Coal- 

field. Sandstones  in  neighbourhood  of  first  barrier  on  Godavari,  and  in  country 
between  Godavari  and  Ellore. 

Vol.  V,  1872. 

Part  1. — Annual  report  for  1871.  Relations  of  rocks  near  Murree  (Mari),  Punjab.  Mineral- 
ogical notes  on  gneiss  of  South  Mirzapur  and  adjoining  country.  Sandstones  in 

neighbourhood  of  first  barrier  on  Godavari,  and  in  country  between  Godavari  and 
Ellore. 

Part  2  (out  of  print). — Coasts  of  Baluchistan  and  Persia  from  Karachi  to  head  of  Persian 
Gulf,  and  some  of  Gulf  Islands.  Parts  of  Kummummet  and  Hanamconda  districts  in 

Nizam's  Dominions.  Geology  of  Orissa.  New  coal-field  in  south-eastern  Hyderabad (Deccan)  territory. 
Part  3.— Maskat  and  Massandim  on  east  coast  of  Arabia.    Example  of  local  jointing. 

Axial  group  of  Western  Prome.    Geology  of  Bombay  Presidency. 
Part  If. — Coal  in  northern  region  of  Satpura  basin.    Evidence  afforded  by  raised  oyster banks  on  coasts  of  India,  in  estimating  amount  of  elevation  indicated  thereby. 

Possible  field  of  coal-measures  in  Godavari  district,  Madras  Presidency.    Lameta  or 
intratrappean  formation  of  Central  India.    Petroleum  localities  in  Pegu.  Supposed eozo/  aal  limestone  of  Yellam  Bile. 

Vol.  VI,  1873. 
Part  1. — Annual  report  for  1872.    Geology  of  North- West  Provinces. 
Part  2.— Bisrampur  coal-field.  Mineralogical  notes  on  gneiss  of  south  Mirzapur  and  ad- 

joining country.  , 
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Part  3  (out  of  'print). — Celt  in  ossiferous  deposits  of  Narbada  valley  (Pliocene  of  Falconer)  : 
on  age  of  deposits,  and  on  associated  shells.  Barakars  (coal-measures)  in  Beddadanole 
field,  Godavari  district.  Geology  of  parts  of  Upper  Punjab.  Coal  in  India.  Salt- 
springs  of  Pegu. 

Part  J/,  (out  of  print). — I  ron  deposits  of  Chanda  (Central  Provinces).  Barren  Islands  and 
Narkondam.    Metalliferous  resources  of  British  Burma. 

Vol.  VII,  1874. 

Pan  I  (out  of  print). — Annual  report  for  1873.  Hill  ranges  between  Indus  valley  in  Ladak 
and  Shah-i -JJuia  on  frontier  of  Yarkand  territory,  iron  ores  of  Kumaon.  Raw 
materials  for  iron-smelting  in  Raniganj  field.  Elastic  sandstone,  or  so-called  Itaco- 
lumyte.    Geological  notes  on  part  ol  .Northern  Hazanbagh. 

Part  2  (out  of  print). — Geological  notes  on  route  traversed  by  Yarkand  Embassy  from 
Shah-i-Dula  to  Yarkand  and  Kashgar.  Jade  in  Karakas  valley,  Turkistan.  Notes 
from  Eastern  Himalaya.  Petroleum  in  Assam.  Coal  in  Garo  Hills.  Copper  in 
Narbada  valley.  Potash-salt  from  East  India.  Geology  of  neighbourhood  of-Mari 
hill  station  in  Punjab. 

Part  3  (out  of  print). — Geological  observations  made  on  a  visit  to  Chaderkul,  Thian  Shan 
range.  Former  extension  of  glaciers  within  Kangra  district.  Building  and  orna- 

mental stones  of  India.  Materials  for  iron  manufacture  in  Raniganj  coal-field.  Manga- 
nese-ore in  Wardha  coal-field. 

Part  £  (out  of  print).— Auriferous  rocks  of  Dhambal  hills,  Dharwar  district.  Antiquity 
of  human  race  in  India.  Coal  recently  discovered  in  the  country  of  Luni  Pathans, 
south-east  corner  of  Afghanistan.  Progress  of  geological  investigation  in  Godavari 
district,  Madras  Presidency.    Subsidiary  materials  for  artificial  fuel. 

Vol.  VIII,  1875. 

Part  1  (out  of  print). — Annual  report  for  1874.  The  Altum-Artush  considered  from  geo- 
logical point  of  view.  Evidences  of  '  ground-ice  '  in  tropical  India,  during  Talchir 

period.    Trials  of  Raniganj  fire-bricks. 
Part  2  (out  of  print). — Gold-fields  of  south-east  Wynaad,  Madras  Presidency.  Geological 

notes  on  Khareean  hills  in  Upper  Punjab.  Water-bearing  strata  of  Surat  district. 
Geology  of  Scindia's  territories. 

Part  3  (out  of  print). — Shahpur  coal-field,  with  notice  of  coal  explorations  in  Narbada 
region.    Coal  recently  found  near  Moflong,  Khasia  Hills. 

Part  Jf.  (out  of  print). — Geology  of  Nepal.    Raigarh  and  Hingir  coal-fields. 
Vol.  IX,  1876. 

Part  1  (out  of  print). — Annual  report  for  1875.    Geology  of  bind. 
Part  2  (out  of  print). — Retirement  of  Dr.  Oldham.  Age  of  some  fossil  floras  in  India. 

Cranium  of  Stegodon  Ganesa,  with  notes  on  sub-genus  and  allied  forms.  Sub-Hima- 
layan series  in  Jamu  (Jammoo)  Hills. 

Part  3  (out  of  print). — Fossil  floras  in  India.  Geological  age  of  certain  groups  comprised 
in  Gondwana  series  of  India,  and  on  evidence  they  afford  of  distinct  zoological  and 
botanical  terrestrial  regions'  in  ancient  epochs.  Relations  of  fossiliferous  strata  at Maleri  and  Kota,  near  Sironcha,  C.  P.    Fossil  mammalian  faunae  of  India  and  Burma. 

Part  4  (out  of  print). — Fossil  floras  in  India.  Osteology  of  Merycopotamus  dissimilis. 
Addenda  and  Corrigenda  to  paper  on  tertiary  mammalia.  Plesiosaurus  in  India. 
Geology  of  Pir  Panjal  and  neighbouring  districts. 

Vol.  X,  1877. 
Part  1. — Annual  report  for  1876.  Geological  notes  on  Great  Indian  Desert  between  Sind 

and  Rajputana.  Cretaceous  genus  Omphalia  near  Nameho  lake,  Tibet,  about  75  miles 
north  of  Lhassa.  Estheria  in  Gondwana  formation.  Vertebrata  from  Indian  tertiary 
and  secondary  rocks.  New  Emydine  from  the  upper  tertiaries  of  Northern  Punjab. 
Observations  on  under-ground  temperature. 

Part  2  (out  of  print). — Rocks  of  the  Lower  Godavari.  '  Atgarh  Sandstones  '  near  Cuttack. Fossil  floras  in  India.  New  or  rare  mammals  from  the  Siwaliks.  Arvali  series  in 
North-Eastern  Rajputana.    Borings  for  coal  in  India.    Geology  of  India. 

Part  3  (out  of  print). — Tertiary  zone  and  underlying  rocks  in  North- West  Punjab.  Fossil 
floras  in  India.  Erratics  in  Potwar.  Coal  explorations  in  Darjiling  district.  Lime- 

stones in  neighbourhood  of  Barakar.  Forms  of  blowing-machine  used  by  smiths  of 
Upper  Assam.    Analyses  of  Raniganj  coals. 

Part  If  (out  of  print). — Geology  of  Mahanadi  basin  and  its  vicinity.  Diamonds,  golds,  and 
lead  ores  of  Sambalpur  district.  *  Eryon  Comp.  Barrovensis,'  McCoy,  from  Sriper- 
matur  group  near  Madras.  Fossil  floras  in  India.  The  Blaini  group  and  '  Central 
Gneiss  in  Simla  Himalayas.  Tertiaries  of  North- West  Punjab.  Genera  Chcero- 
meryx  and  Rhagatherium. 

Vol.  XI,  1878. 

Part  1. — Annual  report  for  1887.  Geology  of  Upper  Godavari  basin,  between  river 
Wardha  and  Godavari,  near  Sironcha.  Geology  of  Kashmir,  Kishtwar,  and  Pangi. 
Siwalik  mammals.  Paleeontological  relations  of  Gondwana  system.  '  Erratics  in 

Punjab.' Part  2. — Geology  of  Sind  (second  notice).  Origin  of  Kumaun  lakes.  Trip  over  Milam 
Pass,  Kumaun.  Mud  volcanoes  of  llamri  and  Cheduba.  Mineral  resources  of  Ramri, 
Cheduba  and  adjacent  islands. 
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Part  3.— Gold  industry  in  Wynaad.    Upper  Gondwana  series  in  Trichinopoly  and  Nellore- Kistna  districts.    Senarmontite  from  Sarawak. 
Part  4.— Geological  distribution  of  fossil  organisms  in  India.    Submerged  forest  on 

Bombay  Island. 
Vol.  XII,  1879. 

Part  I.— Annual  report  for  1878.  Geology  of  Kashmir  (third  notice).  Siwalik  mammalia. 
Siwalik  birds.  Tour  through  Hangrang  and  Spiti.  Mud  eruption  in  Ramri  Island 
(Arakan).  Braunite,  with  Rhodonite,  from  Nagpur,  Central  Provinces.  Palaeontologi- 
cal  notes  from  Satpura  coal-basin.    Coal  importations  into  India. 

Part  2. — Mohpani  coal-field.  Pyrolusite  with  Psilomelane  at  Gosalpur,  Jabalpur  district. 
Geological  reconnaissance  from  Indus  at  Kushalgarh  to  Kurram  at  Thai  on  Afghan 
frontier.    Geology  of  Upper  Punjab. 

Part  S. — Geological  features  of  northern  Madura,  Pudukota  State,  and  southern  parts  of 
Tanjore  and  Trichinopoly  districts  included  within  limits  of  sheet  80  of  Indian  Atlas. 
Cretaceous  fossils  from  Trichinopoly  district,  collected  in  1877-78.  Sphenophyllum  and 
other  Equisetaceae  with  reference  to  Indian  form  Trizygia  Speciosa,  Royle  (Spheno- 

phyllum Trizygia,  Ung.).  Mysorin  and  Atacamite  from  Nellore  district.  Corundum 
from  Khasi  Hills.    Joga  neighbourhood  and  old  mines  on  Nerbudda. 

Part  4- — '  Attock  Slates  '  and  their  probable  geological  position.  Marginal  bone  of  unde- 
scribed  tortoise,  from  Upper  Siwaliks,  near  Nila,  in  Potwar,  Punjab.  Geology  of 
North  Arcot  district.    Road  section  from  Murree  to  Abbottabad. 

Vol.  XIII,  1880. 
Part  1. — Annual  report  for  1879.  Geology  of  Upper  Godavari  basin  in  neighbourhood  of 

Sironcha.  Geology  of  Ladak  and  neighbouring  districts.  Teeth  of  fossil  fishes  from 
Ramri  Island  and  Punjab.  Fossil  genera  Noggerathia,  Stbg.,  Noggerathiopsis,  Fstm., 
and  Rhiptozamites,  Schmalh.,  in  palaeozoic  and  secondary  rocks  of  Europe,  Asia,  and 
Australia.  Fossil  plants  from  Kattywar,  Shekh  Budin,  and  Sirgujah.  Volcanic  foci 
of  eruption  in  Konkan. 

Part  2. — Geological  notes. — Palaeontological  notes  on  lower  trias  of  Himalayas.  Artesian 
wells  at  Pondicherry,  and  possibility  of  finding  sources  of  water-supply  at  Madras. 

Part  3. — Kumaun  lakes.  Celt  of  palaeolithic  type  in  Punjab.  Palaeontological  notes  from 
Karharbari  and  South  Rewa  coal-fields.  Correlation  of  Gondwana  flora  with  other 
floras.  Artesian  wells  at  Pondicherry.  Salt  in  Rajputana.  Gas  and  mud  eruptions 
on  Arakan  coast  on  12th  March  1879  and  in  June  1843. 

Part  4. — Pleistocene  deposits  of  Northern  Punjab,  and  evidence  they  afford  of  extreme 
climate  during  portion  of  that  period.  Useful  minerals  of  Arvali  region.  Correlation 
of  Gondwana  flora  with  that  of  Australian  coal-bearing  system.  Reh  or  alkali  soils 
and  saline  well  waters.  Reh  soils  of  Upper  India.  Naini  Tal  landslip,  18th  Septem- 

ber 1080. 
Vol.  XIV,  1881. 

Part  1  (out  of  print).— Annual  report  for  1880.  Geology  of  part  of  Dardistan,  Baltistan, 
and  neighbouring  districts.  Siwalik  carnivora.  Siwalik  group  of  Sub-Himalayan 
region.  South  Rewah  Gondwana  basin.  Ferruginous  beds  associated  with  basaltic 
rocks  of  north-eastern  Ulster,  in  relation  to  Indian  laterite.  Rajmahal  plants. 
Travelled  blocks  of  the  Punjab.  Appendix  to  '  Palaeontological  notes  on  lower  trias 
of  Himalayas.'    Mammalian  fossils  from  Perim  Island. 

Part  2. — Nahan-Siwalik  unconformity  in  North- Western  Himalaya.  Gondwana  verte brates.  Ossiferous  beds  of  Hundes  in  Tibet.  Mining  records  and  mining  record  office 
of  Great  Britain;  and  Coal  and  Metalliferous  Mines  Acts  of  1872  (England).  Cobaltite 
and  danaitd  from  Khetn  mines,  Rajputana;  with  remarks  on  Jaipunte  (Syepoorite). 
Zinc-ore  (Smithsonite  and  Blende)  with  barytes  in  Karnul  district,  Madras.  Mud eruption  in  island  of  Cheduba. 

Part  S. — Artesian  borings  in  India.  Oligoclase  granite  at  Wangtu  on  Sutlej,  North-West 
Himalayas.  Fish-plate  from  Siwaliks.  Palaeontological  notes  from  Hazaribagh  and Lohardagga  districts.    Fossil  carnivora  from  Siwalik  hills. 

Part  If. — Unification  of  geological  nomenclature  and  cartography.  Geology  of  Arvali  region, central  and  eastern.  Native  antimony  obtained  at  Pulo  Obin,  near  Singapore.  Tur- 
gite  from  Juggiapett,  Kistnah  district,  and  zinc  carbonate  from  Karnul,  Madras. 
Section  from  Dalho.isie  to  Pangi,  via"  Sach  Pass.  South  Rewah  Gondwana  basin! Submerged  forest  on  Bombay  Island. 

Vol.  XV,  1882. 
Part  1  [out  of  -print).—  Annual  report  for  1881.  Geology  of  North-West  Kashmir  and Khagan.  Gondwana  labyiintliodonta.  Siwalik  and  Jamna  mammals,  (jieology  ol Dalhousie,  North- West  Himalaya.  Palm  leaves  from  (tertiary)  Murree  and  Kasauli beds  in  India,  lndosmiue  from  Noa-Dihing  river,  Upper  Assam,  and  Platinum  from 

Uhutia  Nagpur.  On  (1)  copper  mine  near  iongri  hill,  Darjiling  district;  (2)  arsenical pyrites  in  same  neighbourhood  ;  (3)  koalin  at  Darjiling.  Analyses  of  coal  and  fire-clay 
irom  Makum  coal-neld,  Upper  Assam.  Experiments  on  coal  of  Pind  Dadun  Khan 
Salt-range,  with  reference  to  production  of  gas,  made  April  29th,  1881.  Proceeding of  International  Congress  of  Bologna. 

Part  S  (out  of  print).— Ueology  of  Travancore  State.  Warkilli  beds  and  reported  asso- ciated deposits  at  Quilon,  in  Travancore.    Siwalik  and  Narbada  fossils.  Coal-bearing 
9 



rocks  of  Upper  Rer  and  Mand  rivers  in  Western  Chutia  Nagpur.  Pench  river  coal- 
field in  Chhindwara  district,  Central  Provinces.  Borings  for  coal  at  Engsein,  British 

Burma.  Sapphires  in  North- Western  Himalaya.  Eruption  of  mud  volcanoes  in 
Cheduba. 

Part  3  (out  of  print). — Coal  of  Mach  (Much)  in  Bolan  Pass,  and  of  Sharigh  on  Harnai 
route  between  Sibi  and  Quetta.  Crystals  of  stilbite  from  Western  Ghats,  Bombay. 
Traps  of  Darang  and  Mandi  in  North-Western  Himalayas.  Connexion  between 
Hazara  and  Kashmir  series.  Umaria  coal-field  (South  Rewah  Gondwana  basin). 
Daranggiri  coal-field,  Garo  Hills,  Assam.  Coal  in  Myanoung  division,  Henzada district. 

Part  j  (out  of  print).— Gold-fields  of  Mysore.  Borings  for  coal  at  Beddadanol,  Godavari district,  in  1874.    Supposed  occurrence  of  coal  on  Kistna. 

Vol.  XVI,  1883. 

Part  I. — Annual  report  for  1882.  Richthofenia,  Kays  (Anomia  Lawrenciana,  Koninck). 
Geology  of  South  Travancore.    Geology  of  Chamba.    Basalts  of  Bombay. 

Part  2  (out  of  print). — Synopsis  of  fossil  vertebrata  of  India.  Bijori  Labyrinthodont. 
Skull  of  Hippotherium  antilopinum.  Iron  ores,  and  subsidiary  materials  for  manu- 

facture of  iron,  in  north-eastern  part  of  Jabalpur  district.  Laterite  and  other  manga- 
nese-ore occurring  at  Gosulpore,  Jabalpur  district.    Umaria  coal-field. 

Part  3. — Microscopic  structure  of  some  Dalhousie  rocks.  Lavas  of  Aden.  Probable  occur- 
rence of  Siwalik  strata  in  China  and  Japan.  Mastodon  angustidens  in  India.  Traverse 

between  Almora  and  Mussooree.  Cretaceous  coal-measures  at  Borsora,  in  Khasia  Hills, 
near  Laour,  in  Sylhet. 

Part  Jf. — Palseontological  notes  from  Daltonganj  and  Hutar  coal-fields  in  Chota  Nagpur. 
Altered  basalts  of  Dalhousie  region  in  North-Western  Himalayas.  Miscroscopic  struc- 

ture of  some  Sub-Himalayan  rocks  of  tertiary  age.  Geology  of  Jaunsar  and  Lower 
Himalayas.  Traverse  through  Eastern  Khasia,  Jaintia,  and  North  Cachar  Hills. 
Native  lead  from  Maulmain  and  chromite  from  the  Andaman  Islands.  Fiery  eruption 
from  one  of  mud  volcanoes  of  Cheduba  Island,  Arakan.  Irrigation  from  wells  in 
North-Western  Provinces  and  Oudh. 

Vol.  XVII,  1884. 

Part  1. — Annual  report  for  1883.  Smooth-water  anchorages  or  mud-banks  of  Nariakal  and 
Alleppy  on  Travancore  coast.  Bilia  Surgam  and  other  caves  in  Kurnool  district. 
Geology  of  Chauari  and  Sihunta  parganas  of  Chamba.  Lyttonia,  Waagen,  in  Kuling 
series  of  Kashmir. 

Part  2. — Earthquake  of  31st  December  1881.  Microscopic  structure  of  some  Himalayan 
granites  and  gneissose  granites.  Choi  coal  exploration.  Re-discovery  of  fossils  in 
Siwalik  beds.  Mineral  resources  of  the  Andaman  Islands  in  neighbourhood  of  Port 
Blair.    Intertrappean  beds  in  Deccan  and  Laramie  group  in  Western  North  America. 

Part  3  (out  of  print). — Microscopic  structure  of  some  Arvali  rocks.  Section  along  Indus 
from  Peshawar  Valley  to  Salt-range.  Sites  for  boring  in  Raigarh-Hingir  coal-field 
(first  notice).  Lignite  near  Rajpore,  Central  Provinces.  Turquoise  mines  of  Nishapur, 
Khorassan.  Fiery  eruption  from  Minbyin  and  Volcano  of  Cheduba  Island,  Arakan. 
Langrin  coal-field,  South- Western  Khasia  Hills.    Umaria  coal-field. 

Part  (. — Geology  of  part  of  Gangasulan  pargana  of  British  Garhwal.    Slates  and  schists 
imbedded  in  gneissose  granite  of  North-West  Himalayas.    Geology  of  Takht-i-Sulei- 
man.    Smooth-water  anchorages  of  Travancore  coast.    Auriferous  sands  of  the  Suban 
siri  river,  Pondicherry  lignite,  and  phosphatic  rocks  at  Musuri.    Billa  Surgam  caves. 

Vol.  XVIII,  1885. 

Part  1. — Annual  report  for  1884.  Country  between  Singareni  coal-field  and  Kistna  river. 
Geological  sketch  of  country  between  Singareni  coal-field  and  Hyderabnd.  Coal  and 
limestone  in  Doigrung  river  near  Golaghat,  Assam.  Homotaxis.  as  illustrated  from 
Indian  formations.    Afghan  field  notes. 

Part  2. — Fossiliferous  series  in  Lower  Himalaya,  Garhwal.  Age  of  Mandhali  series  in 
Lower  Himalaya.  Siwalik  camel  (Camelus  Antiqnus,  nobis  ex  Falc.  and  Caut.  MS.). 
Geology  of  Chamba.  Probability  of  obtaining  water  by  means  of  artesian  wells  in 
plains  of  Upper  India.  Artesian  sources  in  plains  of  Upper  India.  Geology  of  Aka 
Hills.  Alleged  tendency  of  Arakan  mud  volcanoes  to  burst  into  eruption  most 
frequently  during  rains.    Analyses  of  phosphatic  nodules  and  rock  from  Mussooree. 

Part  3. — Geology  of  Andaman  Islands.  Third  species  of  Meryeopotamns.  Percolation  as 
affected  by  current.  Pirtballa  and  Chandpur  meteorites.  Oil-wells  and  coal  in 
Thayetmyo  district.  British  Burma.  Antimony  deposits  in  Maulmain  district.  Kash- 

mir earthquake  of  30th  Mav  1885.    Bengal  earthquake  of  14th  July  1885. 
Part,  ]h — Geological  work  in  Chhattisgarh  division  of  Central  Provinces.  Bengal  earth- 

quake of  14th  July  1885.  Kashmir  earthquake  of  30th  May  1885.  Excavations  in 
Billa  Surgam  caves.    Nepaulite.    Sabetmahet  meteorite. 

Vol.  XIX.  1886. 

Part  1. — Annual  report  for  1885.  International  Geological  Congress  of  Berlin.  Palaeozoic 
Fossils  of  Olive  group  of  Salt-range.  Correlation  of  Indian  and  Australian  coal- 
bearing  beds.    Afghan  and  Persian  Field-notes.    Section  from  Simla  to  Wangtu,  and 
penological  character  of  Amphibolites  and  Quartz  Diorites  of  Sutlej  valley. 
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Part  2  (out  of  print).—  Geology  of  parts  of  Bellary  and  Anantapur  districts.  Geology  of 
Upper  Dehing  basin  in  Singpho  Hills.  Microscopic  characters  of  eruptive  rocks  from 
Central  Himalayas.  Mammalia  of  Karnul  Caves.  Prospects  of  finding  coal  in 
Western  Eajputana.  Olive  group  of  Salt-range.  Boulder-beds  of  Salt-range.  Gond- wana  Homotaxis. 

Part  3  {out  of  print).—  Geological  sketch  of  Vizagapatam  district,  Madras.  Geology  of 
Northern  Jesalmer.  Microscopic  structure  of  Malani  rocks  of  Arvali  region.  Malanj- 
khandi  copper-ore  in  Balaghat  district,  C.  P. 

Part  If  (out  of  print). — Petroleum  in  India.  Petroleum  exploration  at  Khatan.  Boring  in 
Chhattisgarh  coal-fields.  Field-notes  from  Afghanistan  :  No.  3,  Turkistan,  Fiery 
eruption  from  one  of  mud  volcanoes  of  Cheduba  Island,  Arakan.  Nammianthal 
aerolite.    Analysis  of  gold  dust  from  Meza  valley,  Upper  Burma. 

Vol.  XX,  1887. 
Part  1. — Annual  report  for  1886.  Field-notes  from  Afghanistan  :  No.  4,  from  Turkistan 

to  India.  Physical  geology  of  West  British  Garhwal ;  with  notes  on  a  route  traversed 
through  Jaunsar-Bawar  and  Tiri-Garhwal.  Geology  of  Garo  Hills.  Indian  image- 
stones.  Soundings  recently  taken  off  Barren  Island  and  Narcondam.  Talchir  boulder- 
beds.    Analysis  of  Phosphatic  Nodules  from  Salt-range,  Punjab. 

Part  2. — Fossil  vertebrata  of  India.  Echinoidea  of  cretaceous  series  of  Lower  Narbada 
Valley.  Field-notes  :  No.  5 — to  accompany  geological  sketch  map  of  Afghanistan  and 
North-Eastern  Khorassan.  Microscopic  structure  of  Rajmahal  and  Deccan  traps. 
Dolerite  of  Chor.  Identity  of  Olive  series  in  east  with  speckled  sandstone  in  west  of 
6'alt-range  in  Punjab. 

Part  3. — Retirement  of  Mr.  Medlicott.  J.  B.  Mushketoff's  Geology  of  Russian  Turkistan. 
Crystalline  and  metamorphic  rocks  of  Lower  Himalaya,  Garhwal.  and  Kumaun,  Sec- 

tion I.    Geology  of  Simla  and  Jutogh.    '  Lalitpur  1  meteorite. 
Part  Jf. — Points  in  Himalayan  geology.  Crystalline  and  metamorphic  rocks  of  Lower 

Himalaya,  Garhwal,  and  Kumaon,  Section  II.  Iron  industry  of  western  portion  of 
Raipur.  Notes  on  Upper  Burma.  Boring  exploration  in  Chattisgarh  coal-fields. 
(Second  notice).  Pressure  Metamorphism,  with  reference  to  foliation  of  Himalayan 
Gneissose  Granite.    Papers  on  Himalayan  Geology  and  Miscroscopic  Petrology. 

Vol.  XXI,  1888. 
Part  1. — Annual  report  for  1887.  Crystalline  and  metamorphic  rocks  of  Lower  Himalaya, 

Garhwal,  and  Kumaun,  Section  III.  Birds'-nest  of  Elephant  Island,  Mergui  Archi- 
pelago. Exploration  of  Jessalmer,  with  a  view  to  discovery  of  coal.  Facetted  pebble 

from  boulder  bed  ('  speckled  sandstone ')  of  Mount  Chel  in  Salt-range,  Punjab. Nodular  stones  obtained  off  Colombo. 
Part.  2. — Award  of  Wollaston  Gold  Medal,  Geological  Society  of  London,  1888.  Dharwar 

System  in  South  India.  Igneous  rocks  of  Raipur  and  Balaghat,  Central  Provinces. 
Sangar  Marg  and  Mehowgale  coal-fields,  Kashmir. 

Part  3  (out  of  print). — Manganese  Iron  and  Manganese  Ores  of  Jabalpur.    '  The  Carboni- 
ferous Glacial  Period.'    Pre-tertiary  sedimentary  formations   of   Simla  region  of  . Lower  Himalayas. 

Part  If. — Indian  fossil  vertebrates.  Geology  of  North-West  Himalayas.  Blown-sand  rock 
sculpture.    Nummulites  in  Zanskar.    Mica  traps  from  Barakar  and  Raniganj. 

Vol.  XXII,  1889. 

/'art  1  (out  of  print). — Annual  report  for  1888.  Dharwar  System  in  South  India.  Wajra 
Karur  diamonds,  and  M.  Chaper's  alleged  discovery  of  diamonds  in  pegmatite. 
Generic  position  of  so-called  Plesiosaurus  Indicus.  Flexible  sandstone  or  Itacolumite, 
its  nature,  mode  of  occurrence  in  India,  and  cause  of  its  flexibility.  Siwalik  and 
Narbada  Chelonia. 

Part  2  (out  of  print). — Indian  Steatite.  Distorted  pebbles  in  Siwalik  conglomerate. 
"  Carboniferous  Glacial  Period."  Notes  on  Dr.  W.  Waagen's  "  Carboniferous  Glacial 
Period."  Oil-fields  of  Twingoung  and  Berne,  Burma.  Gypsum  of  Nehal  Nadi, Kumaun.    Materials  for  pottery  in  neighbourhood  of  Jabalpur  and  Umaria. 

Part  3  (out  of  print). — Coal  outcrops  in  Sharigh  Valley,  Baluchistan.  Trilobites  in 
Neobolus  beds  of  Salt- range.  Geological  notes.  Cherra  Poonjee  coal-field,  in  Khaaia 
Hills.  Cobaltiferous  Matt  from  Nepal.  President  of  Geological  Society  of  London 
on  International  Geological  Congress  of  1888.    Tin-mining  in  Mergui  district. 

Part  If  (out  of  print). — Land-tortoises  of  Siwaliks.  Pelvis  of  a  ruminant  from  Siwalik.'.. 
Assays  from  Sambhar  Salt-Lake  in  Rajputana.  Manganiferous  iron  and  Manganese 
Ores  of  Jabalpur.  Palagonite-bearing  traps  of  Rajmahal  hills  and  Deccan.  Tin- 
smelting  in  Malay  Peninsula.  Provisional  Index  of  Local  Distribution  of  Important 
Minerals,  Miscellaneous  Minerals,  Gem  Stones  and  Quarrv  Stones  in  Indian  Empire. 
Part  1. 

Vol.  XXIII,  1890. 

Part  1. — Annual  report  for  1889.    Lakadong  coal  fields,  Jaintia  Hills.    Pectoral  and  pelvic 
?irdles  and  skull  of  Indian  Dicynodonts.  Vertebrate  remains  from  Nagpui  district 
with  description  of  fish-skull).  Crystalline  and  metamorphic  rocks  of  Lower  Hima- 

layas. Garhwal  and  Kumaon,  Section  IV.  Bivalves  of  Olive-group,  Salt-range  Mud- banks  of  Travancore  coasts. 
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Pari  2  (out  of  print). — Petroleum  explorations  in  Harnai  district,  Baluchistan.  Sapphire 
Mines  of  Kashmir.  Supposed  Matrix  of  Diamond  at  Wajra  Karur,  Madras.  Sonapet 
Gold-field.  Field  notes  from  Shan  Hills  (Upper  Burma).  New  species  of  Syring- 
osphaeridse. 

Part  3  (out  of  print). — Geology  and  Economic  Resources  of  Country  adjoining  Sind-Pishin 
Railway  between  Sharigh  and  Spintangi,  and  of  country  between  it  and  Khattan. 
Journey  through  India  in  lc88-89,  by  Dr.  Johannes  Walther.  Coal-fields  of  Lairungao, 
Maosandram,  and  Mao-be-lar-kar,  in  the  Khasi  Hills.  Indian  Steatite.  Provisional 
Index  of  Local  Distribution  of  Important  Minerals,  Miscellaneous  Minerals,  Gem 
Stones,  and  Quarry  Stones  in  Indian  Empire. 

Part  4  (out  of  print). — Geological  sketch  of  Naini  Tal ;  with  remarks  on  natural  condition* 
governing  mountain  slopes.  Fossil  Indian  Bird  Bones.  Darjiling  Coal  between  Lisu 
and  Ramthi  rivers.  Basic  Eruptive  Rocks  of  Kadapah  Area.  Deep  Boring  at  Luck- 
now.    Coal  Seam  of  Dore  Ravine,  Hazara. 

Vol.  XXIV,  1891. 

Part  1. — Annual  report  for  1890.  Geology  of  Salt-range  of  Punjab,  with  re-considered 
theory  of  Origin  and  Age  of  Salt-Marl.  Graphite  in  decomposed  Gneiss  (Laterite)  in 
Ceylon.  Glaciers  of  Kabru,  Pandim,  etc.  Salts  of  Sambhar  Lake  in  Rajpntana,  and 
1  Reh  '  from  Aligarh  in  North- Western  Provinces.  Analysis  of  Dolomite  from  Salt- range,  Punjab. 

Part  2. — Oil  near  Moghal  Kot,  in  Sherani  country,  Suleiman  Hills.    Mineral  Oil  from 
Suleiman  Hills.    Geology  of  Lushai  Hills.    Coal-fields  in  Northern  Shan  States. 
Reported  Namseka  Ruby-mine  in  Mainglon  State.    Tourmaline  (Schorl)  Mines  in 
Mainglon  State. — Salt-spring  near  Bawgyo,  Thibaw  State. 

Part  3  (out  of  print).-— Boring  in  Daltongunj  Coal-field,  Palamow.    Death  of  Dr.  P.  Martin 
Duncan.    Pyrosenic  varieties  of  Gneiss  and  Scapolite-bearing  Rocks. 

Part  If. — Mammalian  Bones  from  Mongolia.    Darjiling  Coal  Exploration.    Geology  and 
Mineral  Resources  of  Rtkkim.    Rocks  from  the  Salt-range,  Punjab. 

Vol.  XXV,  1892. 

Part  1. — Annual  report  for  1891.    Geology  of  Thai  Chotiali  and  part  of  Mari  country. 
Petrological  -Notes  on  Boulder-bed  of  Salt-range,  Punjab.    Sub-recent  and  Recent 
Deposits  of  valley  plains  of  Quetta,  Pishin,  and  Dasht-i-Bedaolat ;  with  appendices  on 
Chamans  of  Quetta:  and  Artesian  water-supply  of  Quetta  and  Pishin. 

Part  2  (out  of  print) .—Geology  of  Safed  Koh.    Jherria  Coal-field. 
Part  3. — Locality  of  Indian  Tscheffkinite.  Geological  Sketch  of  country  north  of  Bhamo. 

Economic  resources  of  Amber  and  Jade  mines  area  in  Upper  Burma.  Iron-ores  and 
Iron  Industries  of  Salem  District.  Riebeckite  in  India.  Coal  on  Great  Tenasserim 
River,  Lower  Burma. 

Part  1/.. — Oil  Springs  at  Moghal  Kot  in  Shirani  Hills.  Mineral  Oil  from  Suleiman  Hills. 
New  Amber-like  Resin  in  Burma.    Triassic  Deposits  of  Salt-range. 

Vol.  XXVI,  1893. 

Part  1. — Annual  report  for  1892.  Central  Himalayas.  Jadeite  in  Upper  Burma.  Bur- 
mite,  new  Fossil  Resin  from  Upper  Burma.  Prospecting  Operations,  Mergui  District, 
1891-92. 

Part  2  (out  of  print). — Earthquake  in  Baluchistan  of  20th  December  1892.  Burroite,  new 
amber-like  fossil  resin  from  Upper  Burma.  Alluvial  deposits  and  Subterranean  water- 
supply  of  Rangoon. 

Part  3  (out  of  print). — Geology  of  Sherani  Hills.    Carboniferous  Fossils  from  Tenasserim. 
Boring  at  Chandernagore.    Granite  in  Tavoy  and  Mergui. 

Part  Jf. — Geology  of  country  beween  Chappar  Rift  and  Harnai  in  Baluchistan.  Geology 
of  part  of  Tenasserim  Valley  with  special  reference  to  Tendau-Kamauping  Coal-field. 
Magnetite  containing  Manganese  and  Alumina.  Hislopite. 

Vol.  XXVII,  1894. 

Part  1. — Annual  report  for  1893.    Bhaganwala  Coal-field,  Salt-range,  Punjab. 
Part  2. — Petroleum   from   Burma.    Singareni   Coal-field.    Hyderabad    (Deccan).  Gohna 

Landslip,  Garliwal. 
Part,  3. — Cambrian  Formation  of  Eastern  Salt-range.  Giridih  (Karharbari)  Coal-fields. 

Chipped  (?)  Flints  in  Upper  Miocene  of  Burma.  Velates  Schmideliana,  Chemn.,  and 
Provelates  grandis,  Sow.  sp.,  in  Tertiary  Formation  of  India  and  Burma. 

Part  i. — Geology  of  Wvmtho  in  Upper  Burma.  Echinoids  from  Upper  Cretaceous  System 
of  Baluchistan.  Highly  Phosphatic  Mica  Peridotites  intrusive  in  Lower  Gondwana 
Pocks  of  Bengal.    Mica-Hypersthene-Hornblende-Peridotite  in  Bengal. 

Vol.  XXVIII,  1895. 

Part  7. — Annual  report  for  1894.    Cretaceous  Formation  of  Pondicherry.    Early  allusion 
to  Barren  Island.    Bibliography  of  Barren  Island  and  Narcondam  from  1884  to  1894. 

Part  2.— Cretaceous  Rocks  of  Southern  India  and  geographical  conditions  during  later 
cretaceous  times.    Experimental  Boring  for  Petroleum  at  Sckkor  from  October  1893 
to  Mnrrb  1805.    Tertiary  system  in  Burma. 

Part  3. — Jadeite  and  other  rocics,  from  Tammaw  in  Upper  Burma.    Geology  of  Tochi 
Vn.Hey.    Lower  Gondwanas  in  Argentina. 
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Part  If. — Igneous  Rocks  of  Giridih  (Kurhurbaree)  Coal-field  and  their  Contact  Effects. 
Vindhyan  system  south  of  Sone  and  their  relation  to  so-called  Lower  Vindhyan? 
Lower  Vindhyan  area  of  Sone  Valley.    Tertiary  system  in  Burma. 

Vol.  XXIX,  1896. 
Part  1. — Annual  report  for  1895.  Acicular  .inclusions  in  Indian  Garnets.  Origin  and 

Growth  of  Garnets  and  of  their  Micropegmatitic  intergrowths  in  Pyroxenic  rocks. 
Part  2. — Ultra-basic  rocks  and  derived  minerals  of  Chalk  (Magnesite)  hills,  and  other 

localities  near  Salem,  Madras.  Corundum  localities  in  Salem  and  Coimbatore  districts, 
Madras.  CorraMbm  and  Kyanite  in  Manbhum  district,  Bengal.  Ancient  Geography 
of  "  Gondwanaiand."  Notes. 

Part  3. — Igneous  Rocks  from  the  Tochi  Valley.  Notes. 
Part  If.— Steatite  mines,  Minbu  district,  Burma.  Lower  Vindhyan  (Sub-Kaimur)  area  of 

Sone  Valley,  Rewah.  Notes. 
Vol.  XXX,  1897. 

Part  1. — Annual  report  for  1896.    Norite  and  associated  Basic  Dykes  and  Lava-flowB  in- 
Southern  India.    Genus  Vertebraria.    On  Glossopteris  and  Vertebraria. 

Part  2. — Cretaceous  Deposits  of  Pondicherri.  Notes. 
fart  3.— Flow  structure  in  igneous  dyke.  Olivine-norite  dykes  at  Coonoor.  Excavations 

for  corundum  near  Palakod,  Salem  District.  Occurrence  of  coal  at  Palana  in  Bikanir. 
Geological  specimens  collected  by  Afghan-Baluch  Boundary  Commission  of  1896. 

/'art  If. — Nemalite  from  Afghanistan.  Quartz-barytes  rock  in  Salem  district,  Madras 
Presidency.  Worn  femur  of  Hippopotamus  irravadicus,  Caut,  and  Falc,  from  Lower 
Pliocene  of  Burma.  Supposed  coal  at  Jaintia,  Baxa  Duars.  Percussion  Figures  on 
micas.  Notes. 

Vol.  XXXI,  1904. 

Part  1  (out  of  print). — Prefatory  Notice.  Copper-ore  near  Komai,  Darjeeling  district. 
Zewan  beds  in  Vihi  district,  Kashmir.  Coal  deposits  of  Isa  Khel,  Mianwali  district, 
Funjab.  Um-Rileng  coal-beds,  Assam.  Sapphirine-bearing  rock  from  Vizagapatam 
district.    Miscellaneous  Notes.  Assays. 

Part  2  (out  of  print).— Lt.-Genl.  C.  A.  McMahon.  Cyclobus  Haydeni  Diener.  Auriferous- 
Occurrences  of  Chota  Nagpur,  Bengal.  On  the  feasibility  of  introducing  modern 
methods  of  Coke-making  at  East  Indian  Railway  Collieries,  with  supplementary  note 
by  Director,  Geological  Survey  of  India.    Miscellaneous  Notes. 

fart  S  (out  of  print). — Upper  Palaeozoic  formations  of  Eurasia.  Glaciation  and  History 
of  Sind  Valley.  Halorites  in  Trias  of  Baluchistan.  Geology  and  Mineral  Resource* 
of  Mayurbhanj.    Miscellaneous  Notes. 

Part  If  (out  of  print). — Geology  of  Upper  Assam.  Auriferous  Occurrences  of  Assam. 
Curious  occurrence  of  Scapolite  from  Madras  Presidency.    Miscellaneous  Notes.  Index. 

Vol.  XXXII,  1905. 

Part  1  (out  of  print). — Review  of  Mineral  Production  of  India  during  1898 — 1903. 
Part  2  (out  of  print). — General  report,  April  1903  to  December  1904.  Geology  of  Pro- 

vinces of  Tsang  and  U  in  Tibet.    Bauxite  in  India.    Miscellaneous  Notes. 
Part  S  (out  of  print). — Anthracolithic  Fauna  from  Subansiri  Gorge,  Assam.  Elephas 

Antiquus  (Namadicus)  in  Godavari  Alluvium.  Triassic  Fauna  of  Tropites-Limestone 
of  Byans.    Amblygonite  in  Kashmir.    Miscellaneous  Notes. 

Part  If. — Obituary  notices  of  H.  B.  Medlicott  and  W.  T.  Blanford.  Kangra  Earthquake 
of  4th  April  1905.    Index  to  Volume  XXXII. 

Vol.  XXXIII,  1906. 

Part  1  (out  of  print). — Mineral  Production  of  India  during  1904.  Pleistocene  Movement  in 
Indian  Peninsula.  Recent  Changes  in  Course  of  Nam-tu  Biver,  Northern  Shan  States. 
Natural  Bridge  in  Gokteik  Gorge.  Geology  and  Mineral  Resources  of  Narnaul  Dis- 

trict (Patiala  State).    Miscellaneous  Notes. 
Part  2  (out  of  print). — General  report  for  1905.  Lashio  Coal-field,  Northern  Shan  States. 

Namma,  Mansang  and  Man-se-le  Coal-fields,  Northern  Shan  States,  Burma.  Mis- cellaneous Notes. 
Part  S  (out  of  print). — Petrology  and  Manganese-ore  Deposits  of  Sausar  Tahsil,  Chhind- 

wara  district,  Central  Provinces.  Geology  of  part  of  valley  of  Kanhan  River  in- 
Nagpur  and  Chhindwara  districts,  Central  Provinces.  Manganite  from  Sandur  Hills. 
Miscellaneous  Notes. 

Part  If  (out  of  print). — Composition  and  Quality  of  Indian  Coals.  Classification  of  the 
Vindhyan  System.  Geology  of  State  of  Panna  with  reference  to  the  Diamond 
Rearing  Deposits.    Index  to  Volume  XXXIII. 

Vol.  XXXIV,  1906. 

Part  1. — Fossils  from  Halorites  Limestone  of  Bambanag  Cliff,  Kumnon.  Upper-Triassie 
Fauna  from  Pishin  District,  Baluchistan.  Geology  of  portion  of  Bhutan.  Coal  Occur- 

rences in  Foot-hills  of  Bhutan.  Dandli  Coal-field  :  Coal  outcrops  in  Kotli  Tebsil  of 
Jam mu  State.    Miscellaneous  Notes. 

Part  2  (out  of  print). — Mineral  Production  of  India  during  1905.  Nummulites  Douvillei, 
with  remarks  on  Zonal  Distribution  of  Indian  Nummulites.  Auriferous  Tracts  in 
Southern  India.  Abandonment  of  Collieries  at  Warora,  Central  Provinces.  Mis- 

cellaneous Notes. 
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Part  3  (out  of  -print). — Explosion  Craters  in  Lower  Chindwin  district,  Burma.  Lavas  of 
Pavagad  Hill.  Gibbsite  with  Manganese-ore  from  Talevadi,  Belgaum  district,  and 
Gibbsite  from  Bhekowli,  Satar  District.  Classification  of  Tertiary  System  in  Sind 
with  reference  to  Zonal  distribution  of  Eocene  Echinoidea. 

Part  4  (out  of  'print). — Jaipur  and  Nazira  Coal-fields,  Upper  Assam.  .  Makum  Coal-fields 
between  Tirap  and  Namdang  Streams.  Kabat  Anticline,  near  Seiktein,  Myingyan 
district,  Upper  Burma.  Asymmetry  of  Yenangyat-Singu  Anticline.  Upper  Burma. 
Northern  part  of  Gwegyo  Anticline,  Myingyan  District,  Upper  Burma,  Breynia 
Multituberculata,  from  Nari  of  Baluchistan  and  Sind.    Index  to  Volume  XXXIV. 

Vol.  XXXV,  1907. 

Part  1  (out  of  print). — General  report  for  1906.    Orthophragmina  and  Lepidocyclina  in 
Nummulitic  Series.  Meteoric  Shower  of  22nd  October  1903  at  Dokachi  and  neighbour- 

hood, Dacca  district. 
Part  2. — Indian  Aerolites.    Brine-wells  at  Bawgyo,  Northern  Shan  States.  Gold-bearing 

Deposits  of  Loi  Twang,  Shan  States.    Physa  Prinsepii  in  Maestrichtian  strata  of 
Baluchistan.    Miscellaneous  Notes. 

Part  3. — Preliminary  survey  of  certain  Glaciers  in  North-West  Himalaya.    A. — Notes  on certain  Glaciers  in  North- West  Kashmir. 
Part  If. — Preliminary  survey  of  certain  Glaciers  in  North-West  Himalaya.    B. — Notes  on 

certain  Glaciers  in  Lahaul.    C. — Notes  on  certain  Glaciers  in  Kumaon.    Index  to 
Volume  XXXV. 

Vol.  XXXVI,  1907-08. 
Part  1. — Petrological  Study  of  Rocks  from  hill  tracts,  Vizagapatam  district,  Madras 

Presidency.  Nepheline  Syenites  from  hill  tracts.  Vizagapatam  district,  Madras  Presi- 
dency. Stratigraphical  Position  of  Gangamopteris  Beds  of  Kashmir.  Volcanic  out- 

burst of  Late  Tertiary  Age  in  South  Hsenwi,  N.  Shan  States.  New  suidae  from 
Bugti  Hills,  Baluchistan.    Permo-Carboniferous  Plants  from  Kashmir. 

Part  2  (out  of  print). — Mineral  Production  of  India  during  1906.  Ammonites  of  Bagh 
Beds.    Miscellaneous  Notes.- 

Part  3  (out  of  print). — Marine  fossils  in  Yenangyaung  oil-field,  Upper  Burma.  Fresh- 
water shells  of  genus  Batissa  in  Yenangyaung  oil -field,  Upper  Burma.  New  Species 

of  Dendrophyllia  from  Upper  Miocene  of  Burma.  Structure  and  age  of  Taungtha 
hills,  Myingyan  district,  Upper  Burma.  Fossils  from  Sedimentary  rocks  of  Oman 
(Arabia).  Rubies  in  Kachin  hills,  Upper  Burma.  Cretaceous  Orbitoides  of  India. 
Two  Calcutta  Earthquakes  of  1906.    Miscellaneous  Notes. 

Part  4- — Pseudo-Fucoids  from  Pab  sandstones  at  Fort  Munro,  and  from  Vindhyan  series. 
Jadeite  in  Kachin  Hills,  Upper  Burma.  Wetchok-Yedwet  Pegu  outcrop,  Magwe  dis- 

trict, Upper  Burma.  Group  of  Manganates,  comprising  Hollandite,  Psilomelane  and 
Coronadite.  Occurrence  of  Wolfram  in  Nagpur  district,  Central  Provinces.  Mis- cellaneous Notes.    Index  to  Volume  XXXVI. 

Vol.  XXXVII,  1908-09. 
Part  1  (out  of  print). — General  report  for  1907.  Mineral  Production  of  India  during  1907. 

Occurrence  of  striated  boulders  in  Blaini  formation  of  Simla.    Miscellaneous  Notes. 
Part  2  (out  of  print). — Tertiary  and  Post-Tertiary  Freshwater  Deposits  of  Baluchistan  and 

Sind.  Geology  and  Mineral  Resources  of  Rajpipla  State.  Suitability  of  sands  in 
Rajmahal  Hills  for  glass  manufacture.  Three  new  Manganese-bearing  minerals  : — 
Vredenburgite,  Sitaparite  and  Juddite.  Laterites  from  Central  Provinces.  Miscella- neous Notes. 

Part  3  (out  of  print). — Southern  part  of  Gwegyo  Hills,  including  Payagyigon-Ngashan- 
daung  Oil-field.    Silver-lead  mines  of  Bawdin,  Northern  Shan  States.    Mud  volcanoes 
of  Arakan  Coast,  Burma. 

Part  If. — Gypsum  Deposits  in  Hamirpur  district,  United   Provinces.    Gondwanas  and 
related  marine  sedimentary  system  of  Kashmir.    Miscellaneous   Notes.    Index  to 
Volume  XXXVII. 

Vol.  XXXVIII,  1909-10. 
Part  1  (out  of  print). — General  report  for  1908.  Mineral  Production  of  India  during  1908. 
Part  2. — Ostrea  latimarginata  in  Burma.    China-clay  and  Fire-clay  of  Rajmahal  Hills. 

Coal  at  Gilhurria.    Pegu  Inlier  at  Ondwe.    Salt  Deposits  of  Rajputana.  Miscellaneous Notes. 
Part  3. — Geology  of  Sarawan,  Jhalawan  and  Las  Bela.  Hippurite  limestone  in  Seistan, 

Afghan  Fusulinidse.    Miscellaneous  Notes. 
Part  )h — Western  Prome  and  Kama.  .  Recorrelation  of  Pegu  system.  Pegu  fossil  fish- 

teeth.  Yeuangyat  Oil-field.  Iron-ores  of  Chanda.  Geology  of  Aden  Hinterland. 
Petrography  of  Aden  Hinterland.  Fossils  from  Aden  Hinterland.  Miscellaneous 
Notes.    Index  to  Volume  XXXVIII. 

Vol.  XXXIX,  1910. 
Quinquennial  Review  of  Mineral  Production  for  1904  to  1908.    Index  to  Volume  XXXIX 

Vol.  XL,  1910. 
Part  1. — Pre-Carboniferous  Life-Provinces.  Lakes  of  the  Salt  Range.  Glaciers  in 

Sikkim.    New  Tertiary  mammals. 14 
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Part  2. — General  Report  for  1909.    Mineral  Production  of  India  during  1909. 
Part  S. — Tertiary  Freshwater  Deposits  of  India.  Silurian-Trias  sequence  in  Kashmir. 

Fenestella  beds  in  Kashmir. 
Part  Jf. — Alum  Shale  and  Alum  Manufacture,  Kalabagh,  Mianwali  district,  Punjab.  Coal- 

fields in  Norfch-Eastern  Assam.  Sedimentary  Deposition  of  Oil.  Miscellaneous  Notes. Index  to  Volume  XL. 

Vol.  XLI,  1911-12. 
Part  1. — Age  and  continuation  in  Depth  of  Manganese-ores  of  Nagpur-Balaghat  Area, 

Central  Provinces.  Manganese-ore  deposits  of  Gangpur  State,  Bengal,  and  Distribu- 
tion of  Gondite  Series  in  India.  Baluchistan  Earthquake  of  21st  October  1909.  Iden- 
tity of  Ostrea  Promensis  from  Pegu  System  of  Burma  and  Ostrea  Digitalina  Eichwald 

from  Miocene  of  Europe.    Mr.  T.  R.  Blyth.    Miscellaneous  Notes. 
Part  2. — General  Report  for  1910.  Devonian  Fossils  from  Chitral,  Persia,  etc.  Sections 

in  Pir  Panjal  Range  and  Sind  Valley,  Kashmir. 
Part  S. — Mineral  Production  of  India  during  1910.  Samarskite  and  other  minerals  in 

Nellore  District,  Madras  Presidency.  Coal  in  Namchik  Valley,  Upper  Assam.  Mis- cellaneous Notes. 
Part  Jjf. — Pegu-Eocene  Succession  in  Minbu  District,  near  Ngape.  Geology  of  Henzada 

District,  Burma.  Geology  of  Lonar  Lake,  with  note  on  Lonar  Soda  Deposit.  Inter- 
national Geological  Congress,  Stockholm.  Miscellaneous  Notes.  Index  to  Volume 

XLI. 

Vol.  XLII,  1912. 
Part  1. — Survival  of  Miocene  Oyster  in  Recent  Seas.  Silurian  Fossils  from  Kashmir. 

Blodite  from  Salt  Range.  Gold-bearing  Deposits  of  Mong  Long,  Hsipaw  State, 
Northern  Shan  States,  Burma.    Steatite  Deposits,  Idar  State.    Miscellaneous  Notes. 

Part  2.—  General  Report  for  1911.  Dicotyledonous  Leaves  from  Coal  Measures  of  Assam. 
Poting  Glacier,  Kumaon,  Himalaya,  June  1911.    Miscellaneous  Notes. 

Part  S.— The  Mineral  Production  of  India  during  1911.  The  Systematic  Position  of  the 
Kodurite  Series,  especially  with  reference  to  the  Quantitative  Classification. 

Part  4. — A  Geological  Reconnaissance  through  the  Dihong  Valley,  being  the  Geological 
Results  of  the  Abor  Expedition,  1911-12.  A  Traverse  Across  the  Naga  Hills  of  Assam 
from  Dimapur  to  the  neighbourhood  of  Sarameti  Peak.  Notes  on  Indian  Aerolites 
recorded  since  1906.  Miscellaneous  Notes.  Eruption  of  a  sub-marine  Mud  Volcano 
off  Sandoway,  Arakan  Coast,  Burma. 

The  price  fixed  for  the  publication  is  1  rupee  (Is.  4d.)  each  part,  or  2  rupees  {2s.  M.) each  volume  of  four  parts. 
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